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(57) ABSTRACT 

The gimm&globuLin is extracted from a fraction isolated by 
fractionation with etbanol in the presence of a carbohydrate, 
and after reducing the concent of contaminants with PEG, it 
is applied to an anionic resin exchange column, an effluent 
being obtained in which the PEG content is subsequently 
reduced by ultrafiltration and which ts concentrated in order 
to carry out sequentially an optional treatment at an acid pi I 
and at least one of the following steps of viral inactivation, 
consisting of pasteurisation and a treatment with solvent/ 
detergent, the product afterwards being precipitated and 
washed with PEG in order to eliminate any chemical viral 
inactivation reagents and then, by solnbilisation and change 
of pH, toe protein contaminants, and finally purified by 
ultrafiltration to reduce the volume and the PEG content, 
then carrying out an optional virus filtration and subsequent 
ccocentraiioo to a protein value of 5% or 10%. 
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PROCESS FOR THE PRODUCTION OF 
vmUS-lNACTIVATED HUMAN 
GAMMAGLOBULIN G 

[0001] The present invention relates to a process for the 
production of virus-inactivated human gammaglobulin G. 
The starling material for obtaining I be gammaglobulin 
(human immunoglobulin G or IgG) or the invention comes 
from a pool of donations (greater than 1000) of human 
plasma forming a polyvalent mixture of antibody activities, 
the individual units of which bave been tested against tbe 
typical markers of infectiousness (HIV, virus hepatitis B, Q. 

[0002] The administration of gammaglobulin can be 
effected by the intramuscular route or, more effectively, by 
the intravenous route. This second route has great therapeu- 
tic advantages compared with the first, such as its greater 
efficacy, but it may cause serious side effects. Only the 
products obtained in conditions which do not promote 
denaturing and with an adequate degree of purity are accept- 
able for tbe intravenous route. 

[0003] The preferred and most effective clinical use of the 
product of the invention is the intravenous route, tbe thera- 
peutic indications of which are those recognized for this type 
of products (IgG) which have similar characteristics of 
composition and molecular structure. The most common 
therapeutic indications of tbe IgG of the invention are 
confined to three general groups of pathologies: primary 
immunc-dcficicncics (lack of humoral response), secondary 
(or acquired, for example as a result of virus infection) 
immune-deficiencies, and those of autoimmune origin 
(development of auto-antibodies) . With regard to the first 
group, the IgG of the invention is potentially useful against 
common variable immune-deficiency, deficit of sub-classes 
of IgG, absence of IgA, and others. The most common 
illnesses belonging to the second group would be those 
produced as a result of infection by viruses and bacteria 
(HIV or human immune-deficiency virus, cytomegalovirus, 
herpes zoster, hepatitis B virus, etc.), neonatal sepsis, etc 
Tbe identified indications of FgGs in illnesses having an 
autoimmune component are increasing all the time, out- 
standing among these being idiopathic thrombocytopenic 
purpura (ITP) which contrfimtes to the destruction of the 
platelets, Kawasaki syndrome, etc. 

[0004) With regard to the previous antecedents, coocem- 
ing preparation and infusion of gammaglobulin, these go 
back to tbe end of the 40s through tbe materials produced by 
the known method of plasma fractionation of Cnhn (Coon E. 
J., Strong L. £., et al.) Separation into Fractions of tbe 
Protein and Lipoprotein Components. J. Am. Chem. Soc. 68, 
459-475; 1946), or later with the modifications introduced 
by Kistler-Nitscbmann (KisuerP. and Nitschmaoo Hs. Large 
Scale Production of Human Plasma Fractions. Vbx Sang. 7: 
414-424; 1962). The additional purification introduced by 
Oncley (Oncley J. L, et al. J. Am. Cbem. Soc. 71: 541-550: 
1949) starting from an intermediate material obtained from 
the plasma fractionation of Cohn gave rise to the known 
Cohn-Oncley method, still in force as a method for general 
purification of gammaglobulin, owing to tbe fact that both 
use ethaaol in the cold as a concentration medium. The 
gammaglobulin produced by any of the earlier methods 
shows a molecular distribution having a significant corneal 
of polymerised or aggregated forms having a high molecular 
weight, when analysed by way of a high resolution gel of 



cxchisioa in column (HPLC). Similarly, tbe liquid presen- 
tations thus obtained may offer little stability, opalescence or 
turbidity being observed during storage, fragmentation and 
polymerisation of the gammaglobulin molecules, a tendency 
towards reduction of tbe activity of some of the more labile 
antibodies, spontaneous generation of anticomplementary 
activity, etc 

[0005] The problems concerning the therapeutic use of 
gammaglobulin by intravenous infusion go back to tbe first 
preparations obtained by the Cohn-Oncley method, includ- 
ing its many variants, which caused the appearance of 
adverse reactions (anaphylactoids) with a very high inci- 
dence, especially in agammaglobulinaemic patients receiv- 
ing it (up to 90% of cases). The reactions described were 
associated with a reduction of the complement of patients 
treated by this route (Barandun, S. et al. Vox Sang. 1962; 
7:157-174). 

[0006] It was observed that the gammaglobulin obtained 
by alcoholic fractionation has i notable capacity for fixing 
the complement spontaneously, as a result of tbe denaturing 
of the protein produced during the process of obtaining it, 
and especially by tbe generation of gammaglobulin aggre- 
gates which gave rise to forms having a high molecular 
weight, which would optionally act as antibody-ant igen 
complexes having the capacity to freely fix tbe complement. 

[0007] The separation of the gammaglobulin aggregates 
by conventional techniques, either those of ultra-centrifug- 
ing or exclusion chromatography (permeation in gel), make 
it possible to obtain a product having a low anticomplemen- 
tary activity tolerable by the intravenous route (Barandun et 
al, above). However, tbe techniques of ultra-ccntrifuging or 
pcrmcition in gel cannot be scaled up for industrial produc- 
tion of a batch size of the order of a few kilograms of 
gammaglobulin (and not even to tbe scale of grams in the 
case of uhra-centrifugation). 

[0008] On the other hand, tbe production of gammaglobu- 
lin by means of alcoholic fractionation, once freed of the 
aggregated compounds of high molecular weight, could 
easily recover its anticomplement activity in the final opera- 
tions of the process (sterilisation, lyophylisation) or during 
its storage (in liquid form). 

[0009] In order to avoid the serious drawbacks of the 
classic preparations obtained by the Cohn-Oncley method of 
precipitation with ethanol (or its variants), tbe present state 
of tbe art substitutes or incorporates additional steps which 
improve tbe stability and the tolerance of tbe product for its 
intravenous infusion. 

[0010] Poison et al. (Poison, A. et al. Rtochim. Biophys. 
Acta, 82: 463-475; 1964) described a process for fraclioning 
human plasma by means of ethyleoeglyco! polymers, 
throughout of which it is possible to separate a purified 
fraction of gammaglobulin. Coval,L. (U.S. Pal. Nos. 
4093606 and 4165370, priority 1976 and 1978 respectively) 
incorporate poryetbyteneglycol (PEG) as purification agent 
for obtaining intravenous gammaglobulin starting from a 
material separated from the Cohn fractionation (fraction II 
or I1+III). Subsequently there were published equivalent 
purification processes with polyethyleoeglycol, such as that 
described by Uemura Y, et al. (Spanish Patent No. 506679, 
applied for in 1 981). or similar ones with the only difference 
that optional pasteurisation of the material which contains 
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the gammaglobulin is introduced, prior to or subsequent to 
purification with rxJyeihyleoeglycol, as also revealed by 
Uemura Y., et aL (Patent EP 0246579, priority 1986). Also 
related were chemical methods of virus inactivalioo with 
organic solvents and detergents, very efficient against 
virusses with a lipidic coating, having been applied to 
proteins derived from human plasma by Keuralh el al. (VS. 
Pat. No. 514,375). 

[0011] Processes have been described for obtaining gam- 
maglobulin acceptable for intravenous administration using 
a treatment with enzymes, pepsin (Spanish Patent No. 
86115016 and French Patent 2382 M), plasmin (German 
Patent OE 2752694), immobilised trypsin (Spanish Patent P 
053O592X or by treatment at a moderate acidic pfl (Acta 
Cuemica Scandinavia, 22: 490-496; 1968) (Barandua S„ et. 
al, above). 

[0012] Other processes described for obtaining gamma* 
globulin tolerable by the intravenous route are based on 
chemically and partially modifying the IgG molecules, 
treating them with reducing agents (Wiedennan et al. Proc 
Soc Exp. Biol. Med, 113: 609-613; 1963), alcobolisation 
(Spanish Patent No, 412552), aflcyUtion (Spanish Patent No. 
0533908) and sulphopation (Yamanaka T., et al M* Sang, 
37: 14-20; 1979). 

[0013] Based oo ion exchange chromatography, processes 
have been described which eliminate the undesirable con- 
taminants from the starting materials which are used to 
obtain gammaglobulin (VS. Pat No. 3,869,436, Spanish 
Patent No. 518181, EP 91 300790 and WO 94/29334). Samo 
ME., et al. (Patent EP 0440483) discloses a combination of 
techniques useful for facilitating the intravenous preparation 
of the product, based on ion exchange chromatography and 
diafiltr ation at a weak acid pH. 

[0014] The final formulation of the preparation Is espe- 
cially important for the adequate stabilisation of the product 
The lyophilised preparation was that Initially accepted by 
the state of the art when (he product exhibited a minor 
alteration during its storage. Compositions for lyophilised 
product, acceptable fo*- intravenous administration, were 
published which provide protection against the denaturing of 
the gammaglobulin, principally during the lyopbyfcarjon 
operation (Spanish Patent No. 525246), using carbohy- 
drates, polyols, glycol or derivatives, amino acids, and also 
the presence of serum albumin. 

[0015] More recently there have been described stable 
liquid formulations which use carbohydrates, in an aqueous 
medium having a very low ionic strength and a pH of 4.25 
(U.S. Pat. No. 4,396,608), or at a weakly acid pH of 5-6 
(Patent EP 0278422). 

[0016] Therefore, according to the slate of the art, the 
intravenous gammaglobulins marketed to date he long to one 
of the following three groups, • which are distinguished 
basically by their preparation process: 

[0017] 1st generation, obtained by enzymatic meth- 
ods (pepsin, trypsin, plasmin, etc.) 

[0018] 2nd generation, chemically modified (reduc- 
tion, suiphonation, a Iky la (ion, treatment with beta- 
prop ioiactonc, etc.) 

[0019] 3rd generation, corresponding to intact mol- 
ecules of IgG (dia filtration at a low pH, chromatog- 



raphy, precipitation with polyetfaylenegjycol, formu- 
lation al an acid pH and low ionic strength). 

[0020] The intravenous administration of the current 
preparations does not give serious intolerance reactions, 
although each of them has some type of therapeutic draw- 
back, inconvenience or eontra-indicaikm. Thus, the enzy- 
maticaDy treated products nave a shorter mean half-life in 
vitro (about 8 days) than normal gammaglobulin G (20 to 25 
days), null opsomsabon capacity (absence of the Fc frag- 
ment), and may exhibit fragmentation and a very limited 
quantify of the sub-classes IgG 3 and IgG 4. 

[0021] The gamniaglobulms obtained by chemical modi- 
fication have a mean half-life in vitro (10 to 15 days) less 
than the physiological, maintain the opsonisation capacity 
and molecular integrity, but depending on the treatment may 
suffer a reduction in their bacteriolytic capacity and form 
new antigen determinants (treatment with bcta-propiolac- 
tone). 

[0022] More recently, intact gammaglobulins have been 
obtained by methods which avoid the denaturing of the IgG 
molecules. In some eases, the production methods devel- 
oped may likewise be able lo be coupled to fractionation 
with etbanoj, so that it is feasible to take as starting material 
one of the gammaglobulin-rich fractions separated by the 
Cohn, Cohn-Ouctcy or Kjstlcr-Niscbmano methods, for 
example, 

[0023] According to the processes disclosed to date, for 
the preparation of intact IgG, recourse is had to moderate 
treatment at an acid pH, diafiltration at an acid pH, stabili- 
sation of the IgG molecules at a low ionic strength and a pH 
of 4.25. With these methods it is optional to sufficiently 
reduce the level of aggregated forms of IgG (high molecular 
weight polymers and intermediate oligomers up lo and 
including dimers) the proportion of monomelic IgG being 
increased. The final liquid formulation at a pH of 4.25 
inhibits the re-aggregation of the IgG molecules during 
storage, remaining stable io solution (but only at the con- 
servation temperature of 2° C.-8° C.) with a sufficiently low 
level of the anticomplementary activity. 

[0024] The main problem of the liquid preparations 
obtained exclusively by acidification treatments is the 
reversibility of the inhibitory effect on the anticomplemen- 
tary activity induced by the reduction in pH, said activity 
being recovered again on re-establishment of the pH con- 
ditions of the medium at or dose to physiological values. On 
the other hand, the ludocuousocss of intravenous infusion of 
large volumes of gammaglobulin preparations formulated at 
such an acid pH value (pH 4 25) is questionable enough (in 
the new-born and patients with renal disorders). 

[0035] In another purification processes, cat ionic and/or 
anionic, ion-exchange resins are used, which are applied to 
the solutions arising from the intermediate precipitates of the 
Cohn or Cohn-Oncley etbanolic fractionation (fractions 
U+III or fraction II, preferably), or directly to the plasma 
pool, avoiding the fractionation with ethanol. The gamma- 
globulin thus purified can be combined with one of the 
earner acidification processes (intermediate or io formula- 
tion) or another equivalent process for its liquid formulation, 
otherwise should keep its stability in lyophilised form. 

[0026] The ioo -exchangers used by the prior art consist of 
ligands of strong anionic type (quaternary ammonia-ethyl: 
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QAE) and weak anionic type (diethyl amino ethyl: DEAE), 
or strong cationic (sulpbopropyl: SP> and weak caiiooic 
(carboxymeibyl: CM). The ligaixb are covakatly immobi- 
lised cd insoluble supports or matrices, the composition of 
which may be: silica (ceramics), acrylic (poiyacrylimides, 
polystyrene), carbohydrate (cellulose, dextrin, agarose). 
Principally, those formed by dextrao (Sephadex, of Amer- 
shanvPharraacia) or agarose (Scpharosc, of Amersham- 
Pbarmacia) are the most efficient and most used. However, 
they have some drawbacks still not remedied by the prior art, 
ind refer, depending on toe case, lu the large quantity of 
resins necessary for effective separation or the contaminant 
proteins and their impact with respect to the recovery of 
gammaglobulin G and on the correct distribution of sub- 
classes, essentially IgO 4. The compromise sanation created 
between purification (elimination of contaminant proteins: 
IgA, IgM and others) and recovery of lgQ (lgG4) is 
resolved, depending on the case, in favour of one side or the 
other, hence the efficacy and therapeutic quality of the 
gammaglobulins marketed may be very different from one 
another. 

[0027] By means of fractionation of the plasma with PEG, 
or by precipitation with PEG starting from an intermediate 
Conn fraction or equivalent, such as fraction 11+111, it is 
feasible to obtain a lyopbiltsed gammaglobulin that can be 
administered intravenously, but may prove to be insuffi- 
ciently stable in the liquid state. If an in termed ate pasteuri- 
sation treatment is included (prior to precipitation with PEG) 
a significant molecular aggregation occurs, including in the 
presence of stabilisers (such as sorbitol, for example), due 
principally to the presence of unstable proteins. Since the 
higher aggregates must be totally eliminated in subsequent 
stages, this causes a significant reduction in the product 
recovery. If starting from more purified fractions (fraction II, 
or equivalent), the high molecular weight aggregates present 
in the starting material, or generated by pasteurisation, are 
not essentially separable by means of precipitation with PEG 
in the conditions established by the techniques currently 
described These indicate concentrations of PEG of 4-5% at 
a pH of 4-6 (Coval U above) and 4-10% of PEG at a pH of 
4.8-6.5 (Ucmma Y. et al., above) which would be valid 
exclusively when toe gammaglobulin was in the presence of 
other accompanying proteins (present in fraction 11+111, for 
example) capable of co-precipitating together with the high 
molecular weight aggregates. 

[0028] The method of the present invention substantially 
improves the current state of the art, since by means of an 
innovative combination of process steps, carried out under 
the precise conditions which are detailed in the present 
invention, the result produced is a gammaglobulin virtually 
devoid of protein contaminants detectable by using the most 
sensitive analytical techniques, and without compromising 
the molecular integrity or the recovery and distribution of 
[gG sub-classes, maintaining a low capacity for spontane- 
ously fixing the complement. 

[0029] The safety of the product, with regard to the 
potential risk of virus transroissioo, is maximum in the 
process described now by the inventors. Into this have been 
introduced the methods of pasteurisation in the presence of 
a sugar-alcouol (for example sorbitol) and/or of the solvent- 
detergent with tri-o-butyl phosphate (TnBP) and polysor- 
bate-80 (Twccn-80) or equivalents, as principal steps of 
controlled virus inactivalion, which are highly efficient and 



complementary. To these steps have been added the viricidal 
action of an optional poor treatment at an acid pH, which 
would eliminate or attenuate the virus content before pro- 
ceeding to the principal inadrvation steps. It is also possible 
for the solution of the product to be nanofiltered for virus 
retention, during the treatment at an acid pit or preferably 
dia filtered in bulk prior to the final concentration and 
formulation. 

[0050] The combination of the previous methods of virus 
elimination provide the product with the maximum viral 
safety and surpasses the stale of the an of the products with 
a single individual inactivatioo step, with the great industrial 
advantage that the steps (optionally up to four) of the method 
of the invention can be carried out consecutively, and 
therefore in a single inactivalion zone or single safety level. 

[0031] The inventors discovered, surprisingly, that starting 
from an intermediate material from the Cohn alcoholic 
fractionation (preferably fraction U+IIIX it was optional to 
extract substantially all the gammaglobulin in the presence 
of a carbohydrate (preferably sugar-alcohol), adjusting the 
conditions for extraction of the IgG according to the dilution 
volume, pH and ionic strength, and to separate a major pan 
of the accompanying proteins by precipitation with PEG. 
The resulting supernatant (filtrate) was a liquid devoid of 
panicles and colloids, which made optional the subsequent 
highly efficient adsorption in an ion-exchange column, the 
resultant effluent being substantially devoid of undesirable 
contaminants (IgA, IgM, proteolytic enzymes, etc), without 
compromising the yield of TgG or the distribution of sub- 
classes. 

[0032] More surprisingly, the inventors demonstrated that 
m the highly purified column effluent and under the specific 
conditions proper to the invention, it was optional to greatly 
reduce the residual PEG and ethanol present by ultrafiltra- 
tion, and to concentrate toe protein as desired. It permitted 
subsequent viral inactivalion treatments (optional treatment 
at an acid pH, pasteurisation, solvent/detergent) linked 
together and without producing deep denaruration (detect- 
able by the absence of formation of panicles and colloids), 
nor aggregation (only 1-2% of soluble polymers having a 
high molecular weight). This reduced polymer content is 
attributable to the presence of a carbohydrate (among other 
components) which stabilise the solution in all the opera- 
tions which precede pasteurisation, 

[0033] The inventors also discovered, very surprisingly, a 
method different from those described by the prior art for 
eliminating or reducing the reagents of viral inactivatioo by 
solvent/detergent, added in the preceding step, based on 
precipitating the gammaglobulin with PEG and maintaining 
the chemical reagents diluted in solution and at a low 
temperature to assist the reduction of the mycclia content. 
Then, separating the precipitate by tangential Bow micro- 
filtration, and immediately afterwards proceeding to wash 
the material retained in order to be able to displace said 
reagents totally. The precipitate was solubilised directly in 
the same micro-filtration equipment by bringing it into 
contact with a suitable solution and without the need for 
physical manipulation. 

[0034] The solution obtained by the process described, iu 
spite or containing only 1-2% of polymers, was not consid- 
ered acceptable for intravenous administration. The inven- 
tors observed, surprisingly, thai by suitably diluting the 
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previous solubilised precipitate, such thai specific concen- 
trations of PEG and of the carbohydrate (added previously) 
were reached, the high molecular weight aggregates were 
insolubilised when a specific pH range wis reached, and 
these separate totally from the majority of the monomers and 
(timers of the solution. It was demonstrated that the concen- 
tration of the carbohydrate (preferably a sugar-alcohol), and 
also that of the PEG, were decisive for avoiding the co- 
precipitation of rmoomers/dimers of IgG and for recovering 
the maximum IgG in the solution. The precipitate formed 
could be separated easily by tangential rnicrofillrauon or by 
conventional filtration. The resultant filtrate, devoid of 
aggregates, diafiUered by ultrafiltration under actual process 
conditions which form part of the invention, gave rise to a 
product which could optionally be filtered by virus retention 
membranes and finally concentrated (to 5% or 10% of 
gammaglobulin) with the absence of, or a very low content 
of, the chemical reagents added in the process. 

[0035] The method of the invention surpasses the present 
state of tbe art by completely remedying the customary 
deficiencies of the commercial gammaglobulins previously 
cited. The gammaglobulin obtained (at 10% concentration 
of IgG) is substantially devoid of (or (here cannot be 
detected): polymers or high molecular weight aggregates 
(mooorocrs+dimers >99%, and preferably >99.9%); differ- 
ent protein contaminants of gammaglobulin; IgA (<O.O03 
mg/ml); IgM (<0.002 mg/ml); PKA (<Z77 lUAnl) and 
kallikrein; plasmin and plasminogen; albumin; tri-o-butyj 
phosphate (<3.6 ppm); polysorbate-SO (<50 ppm); PE 0* 
4000 (<500 ppm). It has a high content of the more labile 
sub-classes IgG 3 and IgG 4, and molecnlai integrity (frag- 
mem Fc >100%), with a low capacity for spontaneous 
activation of the complement (ACA<I CH5(Vmg protein), 
Tbe liouid formulation with sorbitol is stable, for at least 2 
years, both at 2* C.-$* C. and up to 25* C. Together with the 
excellent product characteristics, there Is added tbe maxi* 
mum safety provided with regard to the risk of virus 
transmission through a plasma derivative, being in mind the 
potential inactivation capacity of the solvent/detergent, pas- 
teurisation, optional incubation at aq acid pH, and optional 
virus filtration (naoo filtration), and also the process steps 
which contribute to reducing the viral load (precipitation 
with etbanol, precipitation with PEG, adsorption by ion 
charge, etc.). On tbe other hand, it is important to point out 
that the entire process can be carried out in less tnaa 5 days 
in suitable installations and the final yield of IgG may 
exceed 4-5 g per liter of starting plasma. 

[0036] The process of tbe present invention will be 
explained in detail below, 

[0037] The process starts from a precipitate rich in IgG 
obtained by ethanoUc fractionation of human plasma, pref- 
erably from fraction IMU of (he Coon method, fcach 
kilogram of said precipitate is suspended in an aqueous 
solution, preferably at a rate of 5 kg to 25 kg of a solution 
which contains a carbohydrate, preferably a sugar- alcohol, 
and more preferably sorbitol at a concentration (w/v) com- 
prised between 2% and 10%. As a pH buffer, phosphate and 
acetate ions are preferably used, at a concentration such that 
the pH of the aqueous suspension of the fraction II+lII is 
bet wee u 4.8 and 5.8, and the conductivity docs not exceed 
2 mS/cm. After a minimum agitation time, preferably greater 
than I hour, the majority of the globulins extracted accom- 
panying the IgG are precipitated with PEG having a nominal 



molecular weight of preferably 4000, in a concentration 
range (w/w) of 16% to 55%, and at the preferred tempera- 
ture of 2" C~8° C. Immediately afterwards, and before 
proceeding with the separation of the precipitate, there is 
preferably added an adsorbent of lipids and lipoproteins, 
such as, for example, bealonitc, and also preferably a 
filtration cnadprvard, such as, for example, Hyfio-supcrcel or 
Celite (both marketed by J. Manvflle) or equivalents, such 
that fifierabffity of the suspension is aided. Tbe precipitate 
formed is preferably retained by press filtration using depth 
cellulose filter sheets or plates (grades, 50 SA of the Cunu 
brand, or KS-80 or K-200 of tbe ScUz brand, or equivalents) 
such that the filtrate obtained has a turbidity of less than 5 
NTU (nephelometric turbidity units). Optionally, (he pre- 
cipitate may be separated in combined form by centrifuging 
and filtration. If the precipitate has been retained by press 
filtration, it may be washed with a suitable solution adjusted 
to a concentration of PEG, phosphate-ace late ions and pH 
equivalent to the conditions of adjustment of the precipita- 
tion, thereby facilitating a higher recovery of IgG. 

[0038] The filtrate obtained b brought to a pH of between 
5.7 and 63, preferably by the addition of a dilute solution of 
sodium hydroxide, and is subjected to clarification in fine 
with injection into an ion exchange column. 

[0039] Tbe ion-exchange column contains resins with 
I monk hgand, preferably those of the diethyl amiuoethyl 
(DEAE) type, coupled to an insoluble matrix of the agarose, 
or preferably DEAE-agarosc and commercially known as 
Sepbarose, preferably those which have a high dynamic 
capacity (FF Or fast-flow). The column used is preferably of 
the radial flow distribution type, being preferably with a 
length (or bed height) of between $ cm and 15 cot. Tbe 
filtrate is adjusted U> a flow rate of preferably less than four 
column volume* per hour, being injected into the column in 
which the resins are packed, until the solution is exhausted, 
such thai the quantity inuooSxccd, equivalent to initial start- 
ing material (preferably fraction 11+111), is preferably 
between \ g and 25 g per ml of resins. Once the loading of 
the solution is completed, the column is preferably washed 
with %S to 43 column volumes of a solution having an ionic 
strength and pH similar to the solution of the product 
previously injected, 

[0040] The liquid efihieot during loading and washing or 
excluded from the column (non-adsorbed fraction), is ultra- 
filtered with tbe aim of reducing the PEG content and of 
obtaining a suitable concentration of protein to cany out tbe 
subsequent steps of viral inactivation. Tbe preferred ultra- 
filtration membrane has 100 kOa of nominal molecular 
cut -oft and Is preferably constructed with polysulphone (or 
its derivative*), of the commercial brands Millipore or 
Pall-pillroo. Initially, tbe solution is adjusted to a pH of 
between 5.0 and 5.5 by tbe addition of a weak acid (for 
example dilute acetic acid) and is maintained at a tempera- 
ture of 2* G-8* C Attrition being started at a transmem- 
brane pressure of preferably between 1 .5 bar and 2 bar. After 
reducing the volume, preferably to half the initial volume, 
diafiltration is carried out preferably at constant volume, 
preferably using between 1 and 3 volumes of water for 
injection. Then, the pH of tbe solution is brought to 4.0-4.8, 
and preferably between 4.2 and 4.0, by tbe addition of a 
mineral acid. The transmembrane pressure is adjusted to a 
value below 1.2 bar, and preferably between 05 bar and 1 .0 
bar, and optionally concentration is again carried out by 
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means of reduction of (he current volume to half. Diafitl ra- 
tion is carried out, preferably by the addition of not less thao 
3 volumes of a solution which contains a sugar-alcohol, 
preferably sorbitol at a concentration (w/v) of between 2% 
and 10% adjusted to pH 4-5 with acetic acid. Finally, protein 
concentration is earned out to tbe required value, preferably 
to an optical density (at 2Rfl nm) of more than 45 AU 
(absorption units), subsequently being sterilised by filtra- 
tion, preferably using absolute membrane of 0.22 microns. 
Optionally, the solution, sterilised and stabilised (with the 
sugar- a loo hoi origmary from tbe diafiltratiuo solution), can 
be kept for a long period of time at a temperature of 2° C.-8" 
C. 

[0041] At tbe time of continuing the process, the solution 
cooled to V C.-8* C. may optionally be brought to an acid 
pH, preferably between 3.75 and 4.25, by the slow addition 
of a dilute mineral acid at a temperature of 2° C.-8* G 
Preferably, the optionally pH-ad justed solution is incubated 
at 2° C.-40* C. for 0JS bouts to 48 boors, and more 
preferably at a pH of between 3.95 and 4.05 between 35° C. 
and 38° C. for 1 hour to 4 bows, in tbe presence of the sugar 
alcohol, preferably sorbitol at 2*- 10% (w/v) added in the 
prior diafiltration. Also optionally, and during the treatment 
at an acid pH for example, tbe solution may be virus-filtered 
through a nanometric pore membrane, preferably having a 
pore size of between 15 nm and 50 nm, such as. Cor example, 
50 nm filters (DV50 of the Pall braod), 35 nm (BMM- 
Planova 35N of the Asatri brand). 20 nm (DV20 of the Pali 
brand), 15 nm (BMM-PIanova 15N of the Asain brand), or 
having equivalent pores. 

[0042] When the optional treatment at an acid pH is 
completed, the temperature is brought to 2° C-8° C. and the 
solution is rendered alkaline preferably by tbe addition of a 
dilute strong base, the pH reaching a value of between 4.7 
and 52. Immediately afterwards, a carbohydrate is added as 
stabiliser, preferably a sugar-alcohol, lod more preferably 
sorbitol, at a preferred final concentration (w/w) of between 
25% and 35%. Pasteurisation is carried out at 60* C-62° C 
for 10 lo 12 hours, preferably in both cases. 

[0043] The solution is then diluted with water for inject ion 
until the concentration of the carbohydrate, or preferably of 
the sugar-alcohol, is below 25% (w/w) and the protein is 
between \% and 3% (w/v) . Once the solution is cooled to 
room temperature, a concentrated solution of a mixture of 
solvent/detergent is added, formed preferably by the aDcyl- 
pbospbate reagents and non-ionic detergent, and more pref- 
erably by tri-n-butyl phosphate and poiysorbatc-80, such 
thai the final concentration (w/v) is preferably 0.3% and 1% 
of the two reagents, respectively. Incubation is carried out at 
24° C-28* C. for a period of between 4 and 8 hours, 
preferably in both cases. (Tbe virus- inactivated solution will 
from then on be in an exclusive viral security area for 
inactivated products, within which the remaining operations 
are carried out). 

[0044] The solution is subsequently diluted with cold 
water for injection, preferably adding between 1 kilogram 
and 2 kilograms of water for every kilogram of solution, 
substantially all tbe protein present being precipitated by tbe 
additiou of a sufficient amount of PEO (preferably havuig a 
molecular weight of 4000), bringing tbe solution to a final 
concentration (w/w) of between 12% and 17% of PEG, and 
previously adjusting tbe pH between 7.0 and 9.0, preferably 



between pH 7& and 8.4, at the preferred temperature of 2* 
C.-S* C After a prudential bomogenisation time, preferably 
more than 1 hour (by stirring) and optionally being left to 
stand, the retention of the pre cipitat e is started in equipment 
for tangential flow filtration (TOP) membrane. Tbe filtered 
liquid being separated contains, among others, the tnactiva- 
tion reagents used in the earlier .solvent-detergent step. The 
preferred tangential filtration membrane is that constructed 
with polyvinyh'dene fluoride (PVDF) of the Miliipore braod 
(Prosiak configuration or equivalent models). Other mate- 
rials compatible with the reagents which the solution con- 
tains, such as polysulphone, may optionally be used in place 
of PVDF. Hie pore size of the filtration membrane is 
preferably between 0.1 micron and 0.45 micron. Tbe sepa- 
ration of the filtrate is carried out at a transmembrane 
pressure below 1.5 bar 

[0045] Once the volume of the initial suspension has been 
reduced preferably up to 4 to 8 times, washing of the 
precipitate retained is started by the addition at constant 
volume of a solution which contains PEG, preferably at the 
same concentration as that used in the previous precipita- 
tion, and preferably the same carbohydrate used in pasteuri- 
sation, preferably a sugar-alcohol, preferably at a concen- 
tration (w/w) of between 5% and 20%. After using 
preferably between 4 volumes and 6 volumes of the above 
washing solution, the residue is solubilised with an acid 
solution at a pH below 55 which preferably contains tbe 
same carbohydrate used in the previous steps. The solution 
is preferably formed by acetic acid between 1 mM and 10 
mM to which is added a sugar-alcohol at a concentration 
(w/w) of preferably between 5% and 20%, and is adjusted 
with an alkali to pH 4.0 to 4.5. The temperature of the 
solution does ool exceed 37° C, and is preferably between 
2° C. and 8° C An amount of acid solution for so totalisation 
of between IS and 45 times tbe amount of residual sus- 
pension is added. In this way the final concentration (w/w) 
of PEG is between 2% and 4%, and preferably between 
2.8% and 3.4%, the sugar-alcohol preferably being between 
5% and 20%. The solubilisation solution is left in contact 
with the retained precipitate by means of recirculation until 
it is completely dissolved. 

[0046] The solubilised product is brought to a pH of 
between 7.5 and 8.5, and preferably between 7.8 and 8.3, by 
the addition of a dilute alkaline hydroxide or an acceptable 
weak base, tbe preferred temperature being 2° C-S° C. After 
homogenising, the precipitate formed can be separated pref- 
erably through tbe same TFF equipment used earlier, the 
filtrate being recovered as tbe product of interest. Another 
way of proceeding is by substitution of tbe TFF equipment 
by disposable filters of membrane, plate or multilayer car- 
tridges (depth). 

[0047] The filtrate obtained, free of high molecular weight 
aggregates, and also of tbe major pari of the reagents of the 
solvent/detergent, is brought to a pH of preferably betweeo 
5 and 6, by the addition of dilute acid. 

[0048} The solution is ultra filtered with the aim of reduc- 
ing the content of PEG and of other low molecular weight 
compounds, and of obtaining a suitable concentration of 
protein for adjusting the product to the final formulation. 
The preferred ultrafiltration membrane has 100 kDa of 
nominal molecular cut-off, and is preferably constructed 
with polysulphone (or its derivatives), of the commercial 
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brands Willi pore and Pail-Filtron. Ultrafiltration is started al 
a transmembrane pressure of preferably between IS bar and 
2 bar. After reducing the volume, preferably to V4 to V* of the 
initial volume, diafiltratioa is preferably carried out al con- 
stant volume, preferably using 1 volume of water for injec- 
tion. Then, ibe pH of the solution b brought to 4.0-4.8 and 
preferably between 4.2 and 4.6 by the addition of a dilute 
mineral acid. Tbe transmembrane pressure is adjusted in % 
value below 12 bar, and preferably between 05 bar and 1.0 
bar, and the solution is concentrated again by means of 
reduction of Ibe current volume to V* to Vi of tbc initial 
volume. Diafiltralion is carried out preferably by the addi- 
tion of not less than 5 volumes of a solution which contains 
a sugar- alcohol, preferably sorbitol at a concentration (w/v) 
of between 2% and 10% adjusted to pH 4-5 with acetic add. 
The previous solution, diafiltcred and preferably concen- 
traied to l%-3% (w/v) of protein, is pH -adjusted to between 
4.4 and 5.0 if necessary, and preferably heated to 25±5° C 
Afterwards, an optional vims filtration is carried out with 
retention membranes with nanometric pore equal to or 
below 50 oro nominal, and preferably approximately 20 nm 
nominal (DV20oftbe Pall brand) with a protein recovery of 
more than 90% and a productivity of more than 1 kiaogram 
of protein/m 2 of filtration area in less than 24 hours of 
process time, or also preferably those ranging between 15 
and 20 nm nominal (BMM-Planova 15N or P21, both of the 
Asabi brand; VNFTarvo" of Milhpore) with protein recov- 
ery of more than 80%. 

[0049] Finally, protein is concentrated by ultrafiltration 
with membranes of 100 kDa, or smaller size of nominal 
molecular cut-off* up to the value required, preferably up to 
a final optical density (at 280 run) of approximately 75 AU, 
to obtain a concentration of IgG of S%, or about 150 AUs for 
the 10% concentration. 

[0050] The solution, suitably formulated according to the 
concentration of the stabiliser (sugar-aJcoboI) of the diafil- 
iratioo solution, is brought to a pH of 5-6 and is clarified by 
depth fillers (grade SOLA of the Gwo brand, or equivalent). 
Ii is sterilised by absolute filtration using a 0.22 micron 
membrane and then it is dosified into glass containers. The 
product is submitted a minimum quarantine of 15 days at 25° 
C, the solution proving to be translucent and devoid of 
visible particles. The product is stable at temperatures of 2° 
C.-8° C and up to 25° C. 

[0051] Several examples of application are described 
below by way of non-limiting information concerning the 

invention*. 

EXAMPLE I 

[0052] 90.0 kg of the friction 11+111 paste (batch No. 9003; 
equivalent to 1490.9 liters of starting plasma), obtained 
according to the Cohn method, were suspended in 1323 kg 
of an extraction solution formed by 5 mM dtsodium phos- 
phate and sorbitol at 5% (w/v) adjusted to pH 4.83 by the 
addition of 23.0 liters of 03 M acetic acid. After 1 hour's 
stirring and after adjusting the pH of trie suspension to 5.05 
by the addition of 1.4 liters of 0.5 M acetic acid, it was left 
for 2 more hours' stirring at between 2* C and 6° C. ft was 
established that the pH bad not varied and the conductivity 
was 1.05 mS/cm. Then, with sufficient stirring, 135.5 kg of 
a solution of PEO-4000 (at 50%) were added. Immediately 
afterwards, 3600 g of bentonite were added, and after 



readjusting Che pH to 5 j03 with 2 titers of 0-5 M acetic acid, 
the whole was left to precipitate while standing for 4 hours. 
Just before proceeding with the separation of the precipitate 
by filtration, Hyflc^upcrcel was added, while stirring, at a 
rate of 3Z5 g for every kilogram of suspension, and the 
mixture was immediately filtered through depth plates 
(Omo band, grade 50 SA) using a press filter suitable for 
retaining the precipitate. On the one hand a total of 176& kg 
of filtered liquid (which included a post-wash), were col- 
lected, being transparent and slightly yellowish, having an 
optical density (at 280 nm) of 838 AU and a turbidity of 2.7 
NTU, and on the other band 188.3 kg of precipitate were 
obtained, which were discarded. 

[0053] The previous Uttered solution was adjusted to pH 
5.92 by the addition of 8000 ml of 0.5 M sodium hydroxide, 
the conductivity of the resultant solution being 1.113 
mS/crn. 

[0054] Sufficiently in advance, a radial flow ion exchange 
column (Sepragen brand) was prepared which contained 50 
litem of DEAE-Sephirose FF resins (of Amcrshara-Pbarma- 
ciaX packed radially with a bed thickness of some 10-12 cm. 
Hie column was equilibrated with a solution of sodium 
acetate and acetic add having an ionic strength and pH 
equivalent to the solution of the product The solution of the 
product was then injected into the column, being filtered in 
line during loading, at a flow rate such that the duration of 
the process was 12 hours and 18 minutes. Finally, a post- 
wast was carried out with 180 kg of the equilibration 
solution. A total of 1930 kg of the column effluent (fraction 
not adsorbed) were collected, which essentially contained 
IgG as the only protein component, having a pH of 5.99, 
corjductJvity of L081 mS/cm, turbidity of 2.4 NTU and 
optical density (at 280 nm) of 6.95 AU. 

[0055] The solution was adjusted to a pH of 519 by the 
addition of 13 liters of 05 M acetic acid and was concen- 
trated to 1030 kg by ultrafiltration with membranes of 100 
kDa molecular cut-off of the brand Biomax A-2 (of Milli- 
pore), at a transmembrane pressure of 1.95-2.20 bar and at 
a temperature of about 4° C, the filtrate having an optical 
density (at 2R0 nm) <0.t50 AU being discarded. Immedi- 
ately afterwards, diafiltrattoo was carried out at constant 
volume with 2054 kg of water for injection, the final 
conductivity of the solution retained being 0.164 mS/cm. 
Then, without stopping ultrafiltration, it was brought to a pH 
of 426 by the addition of cold 0.2 M hydrochloric acid and 
diafiltratinn was continued at constant volume, on this 
occasion with respect to 3833 kg of a solution of sorbitol at 
S% (w/w) and 2 mM acetic acid adjusted to pH 4.12, at a 
transmembrane pressure of 1.05-1.10 bar and at about 4° C. 
Finally, the residue was concentrated until its optical density 
(at 280 nm) reached 72.7 AU. Tben the equipment was 
washed down with the diafiltration solution sucb that 233 5 
kg of the bulk were obtained, with an optical density (at 280 
nm) of 555 AU, followed by sterilisation by filtration 
through a 022 micron pore membrane (type CVGL filter of 
Mifflpore). 

[0056] The sterilised solution, cooled to 6.0" C. was 
brought to pH 4.00 by the slow addition of 7250 ml of cold 
0.2 M hydrochloric acid, monitoring the pH during said 
addition. Afterwards, the bulk solution was rapidly pre- 
heated in a tank with heating jacket while stirring, being 
thermostatted at 365* C-37.3* C. for 4 hours. 
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[0057] Wich the treatment completed, the solution wis 
cooled tod stabilised by Ibe addition of 114 J kg of solid 
sorbitol, being stirred until completely dissolved. The pH of 
ibe solution was bought to 4.85 by the slow addition of 
7000 ml of cold 0.2 M sodium hydroxide. 38&S kg of the 
solution were obtained, having a turbidity of 1.41 NTU and 
an optical density (at 280 nm) of 36.0 AU. Said solution was 
immediately pasteurised at be twee o 60.1* C and 60.7* C 
for exactly 10 hours. 

[0058] it was subsequently cooled and diluted by the 
addition of 131 kg of cold water for injection, an optical 
density (at 280 nm) of 27S AU being obtained. To the 507 
kg of the current dilute solution were added 51.2 kg of 
concentrated solution of SO, formed by tri-n-butyi phos- 
phate at 3% (w/v) and potysorblic-SO (TVeeu-80) al 10% 
(w/V)» and incubation was carried out for exactly 6 hours at 
between 25.8* C, and 26.4 f C, 

[00591 The solution treated with SD was immediately 
diluted with 841.5 kg of cold witer for inject kin and the pH 
was adjusted to 8.05 by the addition of 4200 mj of 0.5 M 
sodium hydroxide, after which there were then added, 
slowly and while stirring, 6543 kg of a 50% solution of 
PEG-4000, being left to precipitate at a temperature of 2.6* 
C-3.8 0 C 

[0060] The 2065 kg of the previous suspension of prectpi- 
late w ith PEG were concentrated to 400 kg to tangential flow 
(TFF) microfiltration equipment through a 0.22 micron pore 
membrane (Prostak type, of Mfllipore), at a transmembrane 
pressure of 0.1-0 3 bar and at 3.6* C.-5.0* C. The suspension 
of the precipitate retained in the TFF was afterwards washed 
at constant volume with 2000 kg of a solution containing 
PEG at 15% (w/w) and sorbitol at 8% (w/w) adjusted to pH 
7.97. 

[0061] The suspension retained was then sotubiliscd by 
adding 1226 kg of a solution of sorbitol at 14% (w/w) and 
4 mM acetic add adjusted to pH 4.14 with sodium hydrox- 
ide. The solution was left in recirculating contact in the TFF 
equipment until completely solubiUscd (15 min.). The pH of 
the solution was then brought to 8.03 by the slow addition 
of 6500 ml of 0.5 M sodium hydroxide and, after about 15 
minutes' stirring, filtration was started with the same TFF 
equipment (with 0.22 micron pare membranes), tbe IgO 
being recovered in tbe filtrate. After collecting 1474 kg of 
the filtrate, washing of the suspension retained was started 
with a solution having composition characteristics similar to 
die suspension, 1827 kg of total flllratc finally being 
obtained. The filtrate pool had an optical density (at 280 nm) 
of 5.66 AU, turbidity of 1.99 NTU and conductivity of 0.158 
mS/cm. 

[0062] Tbe solution was brought to pH 5.53 by the addi- 
tion of 3000 ml of 05 M acetic acid and was concentrated 
by ultrafiltration with membranes of 100 kPa molecular 
cut-off (Omega series of Pall-Filtron) at a transmembrane 
pressure of between 1.75 and 1.95 bar, the volume being 
reduced to obtain 739 kg. Diafihratioo was carried out at 
constant volume with respect to 736 kg of water for injec- 
tion, 5600 ml of 0.2 M hydrochloric acid subsequently being 
added, to pH 4.51. Then the transmembrane pressure was 
reduced lo 0.6-0.9 bar and concentration to 296 kg was 
carried out, dia&ltration being started immediately at con- 
stant volume with respect to 2072 kg of a solution of 5% 
sorbitol (w/w) containing 2 mM acetic acid adjusted to pH 
4.16. Once the previous solution was consumed, concentra- 
tion to an optical density value of 142.5 AU was earned out, 
in order to prepare two solutions at the concentrations of 5% 



and 10% of IgG. Said solutions adjusted to pH 525 were 
filtered through a depth plate (Gmo brand, grade 90 LA) and 
absolute membrane of 0.22 micron pore size (CVGLtypc, of 
MiBipore), being measured subsequently into 10 ml, 50 ml, 
100 ml and 200 ml glass flasks, Tbe final production output 
of the adjusted solutions, with regard to grams of IgG per 
liter of starting plasma, was 4.68. 

EXAMPLE 2 

[0063] Several batches of IVIO were processed, each 
starting from 90 kg of fraction 1I+III, in tbe manner 
described in the method of the invention, tbe Gnat product 
(5% I V1G in 50 ml vial) being subjected to rigorous ana- 
lytical control in order verify tbe consistency of its quality. 
Tbe results obtained are shown io Table 1. 
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[0064] Tbe protein was determined by the Bradford tech- 
nique, using gammaglobulin as control. The turbidity was 
measured by nephelometry, being quantified with respect to 
a control solution. The purity of gammaglobulin was deter- 
mined with respect to the total proteins detected by electro* 
phoresis on a cellulose acetate plate and staining with amide 
black. Ibe polymers (or molecular aggregates higher than 
timers of gammaglobulin) and the low molecular weight 
protein fractions, were determined by HPLC in an exclusion 
column hi gel (TSK G-3000 SW column of Toyosoda), the 
% of distribution of the molecular forms indicated being 
quantified with respect to the total proteins detected, accord- 
ing to the optical density value at 2*0 nm. The PEG was 
determined by HPLC filtration column in get (TSK 0-3000 
SWXL column) using a refractive index detector. The con- 
centration of sorbitol was quantified by an enzymatic 
method. The polysocbate-SO was analysed by a colon metric 
method and the TNBPbv means of gas chromatography. The 
prekallikrein activator (PKA) was measured by chromoge- 
djc testing. The accompanying proteins fgA and IgM were 
determined by iinmunoiiepbelometry. Tbe anticomplemen- 
tary activity (ACA) was determined by tbe Eur. Phar. 
method based on the determination of the residual comple- 
ment after incubation to the presence or absence of the 
sample. 

EXAMPLE 3 

[0065] In the process of the invention, ihe chemical viral 
inactivalion reagents added arc reduced by precipitation 
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with PEG and wished in IFF equipment After some 
investigations, a simple method was established which indi- 
rectly permitted monitoring the concentration of said 
reagents during the TFF process. Bearing in mind that the 
optical density at 280 nm of the filtrate by TFF proceeds 
basically from the concentration of the non-ionic detergent 
and of residues of soluble protein* which escape together 
with the filtered liquid (PEG does not absorb to the 24S-280 
nm range), the contribution of protein was corrected by 
reading at 245 nm. at which i minimum of absorption of 
protein is detected and which, on (he contrary, is very high 
for the detergent (approximately 14.5 tunes higher than the 
protein, in the case of commercial polysorbate-80). 

[0066] Then, on the basis of readings of opti cal d ensity at 
280 nm and 145 nm, the continuation of the TFF process 
step was carried out ia order to demonstrate the efficacy of 
i be concentration and face washings to the reduction of the 
SD. According to the measuring procedure developed, the 
residual SD was quantified corresponding to the process of 
the previous Example 1. The results are indicated in Table 2. 

TABLE 2 
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1200 kg 














4th 


400 


0.050 


0190 


3.8 


26 


3.83 


wwhtoj 














volume: 














ItfOOkg 














5th 


400 


0.030 


0,137 


4.5 


31 


274 


washing 














vorume: 














2OQ0 Vi 















(1) The * of optical density (O.D.) at 280 nm prooaatfiog Croat the SD 
was calculated starting from the quotient of optical deaeity (245 nm/280 
am), divided by the relative absorption factor at 245 naj between SD tod 
protein of 14.5, sod multiplied by 100. 

fa) The % of recovery of the concentration of SD haa beta calculated in 
socor daacc with the values of O.D. at 280 am of the corresponding step 
with reaped to that found at the start of coaosatrauoo (DJJ9X corrected 
by the 5b of O.D. contributed (^proximately) by the SD, in aooocdance 
with the following expression: % recovery ■ (O.D. reading (280 
am>0.339) >c (» of O.D. of the SD/100> 
S.D., not determined 
o.ft., not applicable. 

[0067] The results show the course of the reduction of SD 
(polysorbate-80) during concentration and washing, (here 



being finally obtained, after 5 washing volumes, only 2.74% 
of the initial concentration. Consequently, the reduction 
factor is 36 5 times (l00%/£74%) which corrected by the 
protein concentration increment of x5 (2065 kg/400 kg), 
gives an actual reduction factor of 182 times. Then, and in 
accordance with the previous values* it is calculated that the 
concentration of porysorhatc-80 in (be precipitate retained 
would be something less thaa 100 ppm and at an approxi- 
mate protein concentration of 2%. 

[0068] Obviously, in order to reach a concentration of 
<100 ppm at S% and 10% of protein, the amount of 
pol yjofbate present must be reduced more than 5 times. This 
is optional with the subsequent use of ultrafiltration mem- 
branes of 100 kOa, since the concentration of the poly sor- 
bite, has. been reduced sufficiency to a value close to that of 
mycetia formation, making its separation optional For toe 
batch of the present Example, the concentration found in the 
final product (at $% of IgG) was <30 ppm, below the 
quantification limit of the analytical technique. 

[0049] Another two batches, No. 8006 and No. 8007, were 
processed on a preparatory scale in the same manner as in 
the present Example 3. Precipitation with PEG was carried 
out, concentrating and washing in TFF equipment with the 
same type of membranes used earlier, although on (his 
occasion the number of volumes of washing solution was 4 
and 25 for batch No*. 8006 and 8007, respectively. After 
diafiltration and concentration through membranes of 100 
kDa to the final concentration (5% of IgG), the concentration 
of residual polysorbate of each batch in (he anal product 
(IVIG 5%) was determined The values found (including 
batch No. 9003) are shown in Table 3. 



TABLE 3 







Concentration 






Of 




No. Of 


Polytorbete 




Washing 


to Anal 




Volumes (to 


product 


Process No. 


the TFT) 


5C6 rVTO (ppm) 


9003 


5 


<20 


8006 


4 


so 


6007 


IS 


200 



[0070] The results of the previous table 3 show (he depen- 
dency between the quantity of residual polysorbale and the 
number of washing volumes, demonstrating that washing by 
TFF, and under the conditions of the invention, is a key step 
for the effective reduction of the noo-tonic detergent 
(pdysorbate). Prom the values found it is optional to estab- 
lish a minimum of 4 washing volumes to ensure residues of 
less than 100 ppm in the final product. 

EXAMPLE 4 

[0071] Several batches of IgG were processed in accor- 
dance with the method of the invention, each starting from 
90 kg of fraction lUlll. Once the solution purified by a 
DEA&Sepharose FF column was obtained, containing 
approximately 4% of PEG -4000, ultra filtration was carried 
out in all cases through a surface of 27.6 ni 2 of polysulplionc 
membranes of tbe Biomax A-2 brand of Millipore of 100 
IcOa nominal molecular cut-off, under conditions equivalent 
to those described in Example 1. The concentrations of 
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protein (according lo optical density values) and PEC-4000 
obtained are shown in Table 4. 



TABLE 4 



BATCH No, 


PROTEW (OJX 280 
urn, in All) 


CONCENTRATION 
PEG-4000 (mg/ml) 


9002 


49.6 


5.20 


9003 




4.92 


COM 


55.9 


4J>2 


0002 


54.1 


4£5 


0003 


54.9 


541 



[0072] The confutation of PEG-4000 wasdetennined by 
HPLC in an exclusion column in gel and using a refractive 
index detector. 

[0073] In another experiment, carried out with one batch 
(No. 9001) on a preparatory scale (starting from 8 kg of 
traction (1+111), the process was taJceo up to the step of the 
FF DEAE-Sepharosc column effluent. Ultrafiltration was 
carried out through Biomax A-2 membranes of 100 kDa 
molecular cut-oft under the conditions described in 
Example 1, adapted to the batch size. On this occasion, 
differing from Example 1, dUfiltration was carried out with 
respect to sorbitol 5% and without adjusting the pH of the 
product to 42-4.6, diafiltration being carried out at a trans- 
membrane pressure of more than 1.5 bar. At the end, the 
approximate protein concentration corresponded to an O.D. 
(280 Dm) of 45 AU and the concentration of PEG was 33 
mg/mL, or about 6 times higher than the values found in 
Table 4. The product, processed up to pasteurisation, pro- 
duced 4% of aggregates, behaving differently from the 
batches of Table 4, the increments of which were only 
l.0%-1.5% of said aggregates. 

[0074] The results of Table 4 show that the method of 
ultrafiltration of the invention (relative to pH and transmem- 
brane pressure) fulfils very satisfactorily the aim of effi- 
ciently reducing the PEG in order to be able to bring the 
solution to the protein and PEG concentrations suitable for 
(be subsequent virus inactivatioa treatments. 

EXAMPLE 5 

[0075] In accordance with the conditions of the invention, 
several batches of product were processed. These, before 
carrying out the final ultrafiltration, were brought to a pH of 
between 5.4 and 5.6 and were concentrated 2.5 times 
through 100 kDa membranes, at a transmembrane pressure 
of approximately 1.5-2 bar. They were tbea washed with 1 
volume of water for injection and immediately afterwards 
(he pH was adjusted to between 43 and 4.5 by the addition 
of 0.5 M hydrochloric acid, the transmembrane pressure 
being reduced to a value below 1 bar, and the volume of their 
respective solutions was concentrated 2JS times more. 
Finally, diafiltration was carried out with 7 volumes of a 
solution of 5% sorbitol (w/w) which contained 2 mM acetic 
acid adjusted to pH 4.2 witb sodium hydroxide. 

[0076] The results of the concentration of residual PEG in 
the final product are to be found in the previous Table 2, with 
values around 200 ppm (0.02%) at 5% of IgG. Bearing in 
mind that the PEG and IgG concent rations of the solution 
prior to ultrafiltration were respectively approximately 
3.25% and 4 mg/ml, the PEG reduction factor (corrected 
according to protein) is 1 000-2000 limes. 



[0077] As with the earlier batches, a test was carried out 
on a preparatory scale in the maimer described in the 
invention according to Example 1 adapted to the batch size. 
The starting solution was brought to approximately pH 5.0 
and concentrated about 4 limes through 100 kDa molecular 
cut -off membranes. Diafihrattoo was then carried out at 
constant volume in the same equipment with respect to 9 
volumes of S% sorbitol solution at a transmembrane pres- 
sure above \2 bat The PEG and protein concentration 
values, as well as the PEG reduction factor, are to be found 
in Table 5. 

TABLE 5 



PEC reduction 



Phase 


Coooeatntioo 
of PEG (mg/ml) 


CbOfX station of 
Protein* (mg/ml) 


(corrected) <2) 


Stilting 


323 


5.76 


1 


*ofa*km(2) 








SotULton 








cobo Abated 4 


55.6 


149 


Z32 


111 DVwith 




14.9 {ippiox.) 


tLt. 


5«toHKtoi 








3tdDVwtih 


J4.5 


14.9 (appro*) 


8.74 


3*cofbttol 






5tb DVwith 


11.6 


14.9 (appro*) 


11.08 


SftwrbiioJ 








7th DV with 


8.4 


14.9 (tpprox.) 


15.43 


5% sorbitol 








9th DVwub 








5* uxbttul 


20J 


62.8 


26.18 


tod final 








concentration 








5% IVIO (final) 


25.2 


51.4 


28.8 



(1) The reduction Bctor wet corrected according to the protein concentra- 
tion. 

(2) Suiting solution corresponding to the filtrate with PEO 3.25% pH 8. 
n.i, de4 determined 

o.a, not applicable 



[0078] The results of Table 5 show a discrete transference 
of PEG through membranes of 100 kDa under the test 
conditions, due principally to the pH of the medium >4.8 and 
to the transmembrane pressure >1.2 bar. Therefore it is 
established that under the actual conditions of the invention 
the reduction of PEG is much more efficient, in a magnitude 
of the order of about 50 times (comparison of the reduction 
factors of 1000-2000 of the previous batches and of 28.8 of 
the current test). 

EXAMPLE 6 

[0079] The intermediate pasteurisation of the gamma- 
globulin solution, as well as the subsequent treatment of 
chemical inactivatioo by solve ot/detergent, scarcely induces 
molecular aggregation. 

[0080] Several batches were processed on an industrial 
scak (each starting from 90 kg of fraction II+UI) in accor- 
dance with the method of the invention which is described 
in detail in Example i. Once incubation at an acid pH had 
been carried out, the gammaglobulin solution at a concen- 
tration of 3.5% was stabilised by the addition of sorbitol to 
an approximate final concentration of 33% (w/w) and the pH 
was adjusted to 4.80*0.05 by the addition of 0 J M sodium 
hydroxide, the optical density (at 280 om) being between 
35.6 AU and 4\2 AU. Immediately afterwards, it was 
pasteurised in bulk in a lank wilb healing jacket, at 60-61' 
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C. for 1 0 hours. The solution wis diluted with cold water Cor 
injection to an optical density (at 280 tun) of between 25.9 
AU ind 28.0 AU, such that the coooeclratioa of sorbitol was 
<2S% (w/w) id all cases. It was cooled to 25* C.-26* C and 
i concentrated (x 10 times) solution of solvent/detergent was 
added until final concentrations (w/v) of 1% of pofysorbate- 
80 and 0.3% of tri-n-hulyl phosphate were obtained. After 
mixing for about 30 minx, ibe whole was left to incubate for 
6 hours at 25°-26° C. 

[OQff I j The content of po lymcrs or h tgh mo lecular weight 
aggregates (determined by HPLQ of the solution was 
determined before and after pasteurising, and after the 
treatment with solvent/detergent. Ibe generation of 1 par- 
ticles during pasteurisation was also quantified by nephelo- 
metric measurement of the turbidity. The values obtained are 
tabulated in Table 6. 

TABLE 6* 

% OF POLYMERS (OR HEOH 
MOLECULAR WEIGHT 
A9QftEOtfrc?) TURBtDfTY fNTtn 



BATCH 


Before 


After 


Ader 


Before 


After 


No. 


pasteurising 


pasteurising 


ax> 


Putcutiiiog 


pasteurising 


9002 


n.d 


123 


N.D. 


1J 


L6 


9003 


0.0. 


Ud 


1.97 


1.4 


1.8 


0001 


D.d. 


1M 


1.39 


55 


1.8 


0002 


B.4. 


121 


1.30 


2J 


Z4 


0003 


djL 


1-35 


1.15 


1.7 


ZD 


a.<L, ooi detectable 



NJ>.. oci determined 



[0082] The results show that both the pasteurisation and 
solvent/detergent treatments carried out under the conditions 
described of temperature, time and composition of the 
material (stabiliser, concentrations of protein and PEG, pH, 
etc.), do not promote the denaturing of the gammaglobulin, 
bearing in mind the discrete increase in aggregates (<2%) 
and turbidity. Similarly, at ibe concentration (approximately 
3 5%) of gammaglobulin of the process it is optional to 
process large quantities per production batch. 

EXAMPLE 7 

[0083] Several tests were carried out to establish the best 
charge conditions for purification in an ion-exchange resin 
column. 

[0084] Starling from the same batcb of traction II+HI, 
several tests were carried out on a preparatory scale, taxing 
1 kg of the starling material, until the filtered solution from 
the first precipitation with PEG was obtained, in accordance 
with the method of the invention. 

[0085] For each test, the required amount of solution, 
adjusted to pH 5.9-6.0 was clarified {OS micron filter) and 
thereafter it was injected to a 65 mm or 90 mm diameter 
column packed with DEAE-Sepbarose FF resins (of Amer- 
sham-Pharmacia) to a height of 13 cm- 17 cm (except in one 
case which is indicated). Loading was carried out at 2° C-8° 
C. and at a flow rate such that the duration was 12-15 hours 
or 6 hours, depending on the case, all the column effluent 
being collected and its corresponding washing down carried 
out in each test with 3.5 column volumes of 10 mM sodium 
acetate adjusted to pH 5.95W-0.05 with acetic acid. 



[0086] Table 7 shows the values Cor gammaglobulin 
recovery and the clectropborciic purity (in cellulose acetate) 
of the effluent. 



TABLE 7 



CHARGING 
RATIO (g of 

(actio* 
U+ tQAni 

ofectin) 


CHARGING 
TIME 

(keen) 


PUR/TV OF EFFLUENT 
Albumi* (1) pfflw (%) 


(*) 
RECOVERY 
OF 

GAMMAGLO- 
BULIN (2) 


an 




(♦) 




97 




J2.I5 






IS 




(-) 


98.7 


95 


125 




<-> 


9tU 


105 


L25 




<-> 


77.7 


97 


0875 




(-) 


100 


98 


0.625 




W 


1UU 


100 


US 


6 


(—> 


85.6 


n.d. 



&xL, not determined 

(1) The synaSok; {-) indicates detectable abaence; (♦) (noes; (♦♦+) utam* 
dantpreaence (roajor ooottnotot). 

(2) CWkaiHioo oTtbe mmoy 1" * auwiUiiig to ibe total pniletn value 
{according lo OJX it 280 on) tod purify (clecbopboidic) of the column 
effluent wit* respect to the toft*! cbargt solution. 

[0087] By applying a charge of 2.5 g of fraction 11+ J II per 
ml of resins or less, almost total adsorption of the principal 
conUminants detectable by electrophoresis (absent of 
albumin) is obtained and without having an adverse effect on 
the recovery of gammaglobulin, which is excellent in the 
entire range studied However, the lower charge range is 
preferably restricted to 1 g of fraction II+UI per ml of rt sins 
in order to avoid the use of columns of excessive volume. On 
(he other hind, as could he expected, the flow rale of 
injection into some agarose matrix resins turned out to be a 
relevant factor, 12 hours of contact under continuous flow 
conditions being necessary. 

[0088] A process (batch No. 9001) was carried out on a 
preparatory scale (starting from 8 kg of fraction II +111) in 
accordance with the description of Example 1 but adjusted 
to the batch size indicated, with the aim of discovering 
specifically the reduction of some of the principal accom- 
panying proteins by column adsorption. A charge ratio of 1 .8 
g of fraction II +111 per ml of DEAE-Scpharose Ft 7 was 
applied, and a contact time of approximately 12 hours, the 
concentration of IgA, albumin and transferring being deter- 
mined both in toe column effluent and in the solution before 
(be column. The values obtained are to be found in Table 8. 



TABLE 8 



PROTEIN 


Before 

COb DID 


After 

Column 


%0f 

recovery 
CD 




0.16 


«0.003 




(oigAnl) 
Albumin 


0.248 


<0.0018 


<1 


(ag/tol) 








Than tenia 


0.043 


0.002 


5 


(mgfml) 










5.15 


4.49 


94.7 


(mgfml) 








Tbc quantification of ti 


« protein w 


i carried out by 


im m unooepbe lorn- 



(1) The % of recovery was calculated bearing in mind the absolute .mwunt 
of protean found in ibe tohrfkx* after and before (be column. 
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[0089) It is clear from Table 8 (bat under tbe specific 
conditions of the invention tbe resins axe highly selective 
and efficient for tbe separation of tbe principal proteins 
associated with IgG which are present in the starting fraction 
H+JH. Only discrete amounts of transferring are detectable 
in tbe effluent together with tgQ. Tbe bigb recovery of IgG 
is a good indicator of the maintenance of the proportion of 
sub-classes in the coin ma efihtent. 

EXAMPLE 8 

[0090] Starting from a highly purified I. V. gammaglobulin 
solution, the conditions of the step of treatment at ao acid pH 
(pH 4.0) were simulated in order to study tbe protective 
effect of the sorbitol, concentration of gammaglobulin and 
incubation tune, as well as ibeir repercussion on the subse- 
quent pasteurisation step. 

[0091] Samples of tbe same batch of IVIG at 5% (Fie- 
bogatnma, of lost it uto Grifols) were taken and a test was 
carried out to verify tbe protective effect of tbe sorbitol 
during the adjustments of pH in tbe acid tone, when brought 
to pH 4,00-4.05 with 05 M hydrochloric acid and at an 
ambient temperature of 20° G-25° C Similarly, other tests 
were also carried out to evaluate tbe effect of the concen- 
tration of gammaglobulin on diluting tbe starting 5% IVIG 
with 5% sorbitol solution, as well as the temperature at 
which adjustment to pH 4.0 was carried out, whether at 
ambieot temperature of 20° C.-25 9 C. or in tbe cold at 2° 
C-8° C. After incubation al pH 4.0 for 1 hour and subse- 
quent pasteurisation at 60* C.-61* C for 10 hours in the 
presence of sorbitol at 33%, the quantification of tbe aggre- 
gates or polymers detectable by OX), at 280 nm was carried 
out by means of HPLC. The results obtained are shown in 
Table 9. 

TABLE 9 



Adjustment 
to 

Adjostmeat to pH 4-0 n pH 4.0 At 

Aggregate* Aggregates 

% Aggregate* * 

(i&a % («fier 

SORBITOL PROTEIN bcubttUDn (tfttt mci&fttkfe 



(*) (*) *f>H4) pasteurising) atpH4) 



5 n.« S.TX N.D. iuL 

5 1 OJl 057 &<L 

5 2 0.34 0.M tUX 

5 2J NJX N.D. ad. 

5 3 0J7 1.01 KJ>. 

5 4 0.93 1.57 hU>. 

5 5 0.83 141 0.43 

S 5 0.86 3J0 

10 5 0.15 (X8J 

20 5 0.10 N.D. 

33 5 n.d O70 



».d., not detectable 
N.D., not determined. 

fa ftll cases the Ha/ting IVTO did not ctratsin nggregstes (out.). 

[0052] The results emphasise the protection exerted by 
sorbitol when the pH is varied in the acid zone, and even 
more sharply (he higher tbe temperature. At ambient tem- 
perature, a concentration of 1096 or more of sorbitol is 
necessary for efficient protection of gammaglobulin at 5% 



(or a higher concentration). Tbe concentration of gamma- 
globulin promotes greater aggregation, ootwUbstaoding the 
aojnstmenl to pH 4.0 at 2° C-8° C. concentrations of up to 
5% of protein (or more diluted, preferably to 3.5*05%) may 
be reached which would be stabilised with only 5% of 
sorbitol, and would be acceptable for incubation al an acid 
pH and subsequent pasteurisation. By adjusting tbe pH at a 
temperature of 2° C.-8* C. only a discrete aggregation 
(0.43% of polymer) was observed at tbe higher concentra- 
tion studied of 5% of gammaglobulin with 5% of sorbitol, 
proving to be significantly lower than when adjusting tbe pH 
at 20° C-25* C. (with 0.83% of polymer). This lower 
aggregation with tbe towering of the temperature, the range 
of concentration of protein, and also the protection exerted 
by tbe sorbitol, justify tbe conditions established in the 
various steps of the process of tbe invention. 

[0093] Tbe incubation time at an acid pH (pH 4.0 and 
36-37° C) was studied, with regard to the formation of 
aggregates, with gammaglobulin (Flebogamma) and sorbitol 
ai two different concentrations of both and at a pH adjust- 
ment temperature of 2° C.-8° C. Tbe results obtained are to 
be found in table 10. 



TABLE 10 







TIME AT 


Aggregate* * 


Aggregates % 


SORBITOL 


PROTEIN 


PH 4 


(after treatment 


(tftcr 


(%) 


(*) 


(boun) 


at pH 4) 


pasteurisation) 






1 


n-d 


0.35 


5 










5 


73 


2 


0J0 


0.59 


5 


2.S 


4 


n-d 


0.32 






0 


0.11 


0.3d 


6 


3 








6 


3 




0O7 


QJ1 


6 


3 


4 


0.07 


0.41 


6 


3 


8 


0.40 


Ml 


6 


3 


12 


0,43 


1.18 


6 


3 


24 


0.15 





ad., not delectable 



[0094] Tbe results make quite clear the validity of the two 
compositions employed for carrying out incubation at an 
add pH and subsequent pasteurisation in Ibe presence of 
sorbitol al 3?%. The valid incubation time would be found 
m tbe maximum range studied of 0 to 24 hours, with an 
optional optimum at 4 hours of exposure at 36-37° C. 

EXAMPLE 9 

[0095] Tbe optimum pasteurisation conditions were deter- 
mined starting from a highly purified 5% IVIG (Fleboga- 
mma), directly at 5% concentration (conductivity of about 
450 micros/cm) or by dilution 1:1 with water for injection 
up to 2.5% (conductivity of about 225 microS/cm). To each 
of tbe solutions sorbitol was added up to 33% (w/w), 
adjusting to different pH levels with 0.5 M hydrochloric 
acid. After subjecting each sample of different concentration 
and pH to a 10 hour heat treatment at 60* C.-61° C, the 
molecular distribution was analysed by HPLC to determine 
the degree of aggregation (polymers or high molecular 
weight aggregates, and doners). The values obtained are 
shown in Table It. 
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TABLE 1L 



f» PROTEIN 


Ph 


(*) 
POLYMERS 


(%)DCMERS 


IS 


S.S1 


0.46 


436 


IS 


103 


OilS 


3.49 


IS 


4.72 


O30 


3J1 


2S 


4Si 


0.45 


3J4 


5 


4.2 


4.89 


454 


5 


4,0 


14.42 


SiO 


5 


3.8 


24.51 


&23 



[0096] The polymer content in ihc 5% IV1G used »s 
starting material is undetectable. 

[0097] The results show thai it is feasible to pasteurise at 
60* G-6V C for 10 hours at a very low ionic strength and 
at a protein concentration of approximately 25%, to a 
medium stabilised wirh sorbitol and in a pH range of 53 to 
4.5, the optimum of which is between pH 4.7 and 5.0, with 
a minimum increment of aggregates (polymers and dimer). 

EXAMPLE 10 

[0098] Several experiments were carried out to determine 
the capacity of the method of the invention for eUminating 
the high molecular weight aggregates arising from (gener- 
ated by) the previous viral inactivatton steps. 

[0099] The solutions pasteurised in the presence of sorbi- 
tol at 33% and subsequently treated with TNBP at 03% and 
polysorbate-SO at 1% of various batches processed in accor- 
dance with the method of the invention were diluted with 
water for injection at a ratio of 1 kg to 1.5 kg of water for 
every kg of solution, and were then cooled to T C-8° C 
Immediately afterwards, PEG-4000 was added to them to 
bring them to different concentrations and their pH was 
adjusted to between 75 &ud 8,1. After being left to precipi- 
tate the high molecular weight aggregates, the suspensions 
were filtered through a pore size of 0.5-0.1 micron, a 
transparent liquid being obtained in each case which con- 
tained purified IgO. 

[0100] The % of polymers was quantified by HPLC of 
each sample, the values found being shown in Table 12. 

TABLE 12 



Starting FQiered 





Cooceotmion 




tohnios 


rotation 


Process 


of peg 


Final 


(»©f 


(*©f 


No. 


<*) 


P H 


polymer) 


polymer) 


6*1/50 


3.00 


7.88 


2J1 


0.00 




yoo 


7*2 


0S4 


&3S 


65/53 


3.15 


7S1 


0.88 


033 


63/60 


3.15 


8.06 


2S4 


0.00 


nm 


3.23 


7.75 


Z28 


0.08 


7014/1 


3.27 


7.99 


1.28 


0.00 


M/59 


3.45 


7.47 


0.84 


0.00 



[0101] The value not detectable (o.d.) by HPLC has been 
indicated on this occasion as 0.00. 

[0102] A total dim inat iou of polymers in die range of PEG 
concentrations of 3.00% to 3.45% is delected, although there 
exists an interaction with the pH of the medium, separation 
proving to be mast effective when the pH is between 7.75 



and 8.06. Al the lowest pH value studied of 7.47. a concen- 
tration of at least 3.45% of PEG is required to eliminate the 
polymer completely, since lower concentrations (for 
example: PEG 3.15%-pH 7.51) are not able to precipitate 
said polymers completely and could leave residues in the 
filtered solution. 

[0103] The presence of the sorbitol stabiliser likewise 
works, avoiding the co-precip nation of the non-aggregated 
species (monomer and dimer) together with the polymer, 
improving to a great extent the recovery of product in said 
precipitation. In order to determine the effect of the presence 
of sorbitol, some tests were carried out on precipitation and 
recovery of protein (according to optical density) under 
different concentration conditions. An experiment was car- 
ried out starting from a purified 5% IVIG solution (without 
detectable polymers), this being diluted to an optical density 
(at 280 nm) of about 6 AU, using water or sorbitol at 10%, 
depending on the case, and adjusting to pH 8.O. The solution 
was left to precipitate for at least one hour and then the 
presence of precipitate was observed. The same experiment 
was repeated with a solution of IgG coming from the viral 
maxtrvaiion steps of the process of the invention (with a 
polymer content of 3.97%), being diluted on this occasion 
with 5% sorbitol or water, and after precipitating and sepa- 
rating the aggregates by filtration, the % of recovery of 
protein from the filtrate was determined with respect to the 
initial value. 

[0104] The results obtained are shown in the following 
Table 13. 
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(2) ; Percentage of tie total protein found to the filtered solution with 
fecpod to Ujo initial •olutios before precipitating. 

o.d. Dot detectable, 
oat. earned on. 

[01 05 J Concentrations of sorbitol above 5% prevent the 
precipitation of the monomcr/dimcr of IgG when Ihcy arc 
present as single species in the IVIG solution (devoid of 
polymer), being detected by the absence of precipitate on 
adding PEG. Similarly, when the polymers contained in the 
IgG solution are eliminated, an improved recovery of IgG 
(free of polymers) is observed, al the highest concentration 
of sorbitol studied (13%). Consequently, the presence of 
sorbitol during the precipitation of polymers or high rnolecu • 
lar weight aggregates is beneficial for preventing co-pre- 
cipitation and obtaining an optimum recovery of IgG. 
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EXAMPUEll 

[0106] Virus filtration was tested comparatively on a pre- 
paratory scale employing commercial fillers of oanomclric 
pore size, using for this two different starting materials 
obtained to accordance with Example 1: solution adjusted to 
an acid pH (pH-4.0fe0A5) at 36*1* C. (material AX and 
final diafiliered solution al 2.5*0-5% of protein, pH 4.5±0.1 
and at 26±1° C. (material D) . The results obtained with 
regard to the amount filtered with respect to the filtration 
area used, the time taken and the recovery of protein, 
according to the fillers used (Planova 35 N, Planova 15N and 
DV20) arc shown in Table 14. 



3. A method for producing virus inactivated human gam- 
maglobulin G according to claim 2, wherein the precipitate 
of IgG comprises fractions fl+IH of the Conn method. 

4. A method for producing virus inactivated human gam- 
maglobulin G according to claim I, wherein the carbohy- 
drate is a sugar-alcohol. 

5. A method for producing virus inactivated human gam- 
maglobulin G aooordiog to claim 4, wherein the sugar- 
alcobol is sorbitol. 
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[0107] From the previous table it is clear that both material 
A and material B are suitable for virus filtration, whether 
through a pore size of 35 nm or less, up to 15 nm. However, 
a pore size of around 20 nm appears to be the most suitable, 
bearing in mind the parameters of recovery of protein 
(>90%) and productivity (>1 fcg/m*) with respect to the virus 
elimination capacity per pore size of the filter. 

What is claimed is: 

1. A method for producing virus inactivated human gam- 
maglobulin G, which method comprises: 

(a) suspending a precipitate of IgO in an aqueous solution 
containing a carbohydrate; 

0) reducing the content of contaminants in the suspension 
with PEG; 

(c) applying the suspension to an anionic exchange resin 
in column to obtain an effluent; 

(d) subjecting (be effjuenl to ultrafiltration so that the 
content of PEG in said effluent is reduced; 

(e) viral inactivatlon of the filtered effluent by at least one 
method selected from the group consisting of (0 pas- 
teurisation and (ii) treatment with solvent/detergent; 
and 

(f) precipitating and washing the virus inactivated human 
gammaglobulin G from the viral inactivated effluent. 

2. A mctliod for producing virus iuaciivated human gam- 
maglobulin G according to claim 1, wherein the precipitate 
of IgG is obtained or provided by fractionation of human 
plasma with ethanol. 



$. A method for producing virus inactivated human gam- 
maglobulin G according to claim 4, wherein the sugar- 
alcohol is present al a concentration of between 2% and 10% 
(w/v). 

7. A method for producing virus inactivated human gam- 
maglobulin G according to claim 1, in which the step of 
reducing the concentration of contaminants in the suspen- 
sion is performed with PEG at a concentration from 2.5$ to 
SS% (w/w) and at a pH from 4.8 to 5.5. 

8. A method for producing vims inactivated human gam- 
maglobulin G according to claim 1, wherein the pH of the 
suspension Is between 5.7 and 63 when applied to the 
anionic exchange resin column. 

9. A method for producing virus inactivated human gam- 
maglobulin G according to claim 1, wherein the anionic 
exchange resin column: 

(i) Contains pEAE-agarose resins, and 

(b) Admits a charge of between 1 g and 2.5 g of fraction 
ff+IH per ml of resins. 

10. A method for producing virus inactivated human 
gammaglobulin G according to claim 1, in which the effluent 
is subjected to ultrafiltration through a membrane of 100 
IcDa nominal molecular cut-off. 

11. A method for producing virus inactivated human 
gammaglobulin G according to claim 10 in which, after said 
step of ultrafiltration, the effluent is dia filtered against a 
solution containing a sugar alcohol. 

12. A method for producing vims inactivated human 
gammaglobulin G according to claim 1 1, in which the sugar 
alcohol is sorbitol. 
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13. A method for producing virus inactivated human 
gammaglobulin G according to claim 11, in which the sugar 
alcohol is present in solution at a concentration between 2% 
and 10% (w/v). 

14. A method for producing virus inactivated human 
gammaglobulin G according to daim 11, in which said 
diafiltration is performed al a pH between 4.0 and 4.8. 

15. A method for producing virus inactivated human 
gammaglobulin G according to daim 11, in which said 
diafiltration is performed with a transmembrane pressure 
below 1.2 bar. 

16. A method for producing virus inactivated human 
gammaglobulin G according to claim 1 further comprising, 
prior to the step of viral iructivau'on, a step of treating the 
altered effluent at an acid pH. 

17. A meihod for produdog virus inactivated human 
gammaglobulin G according to claim 16, wherein said step 
of treating the filtered effluent at an acid pH is carried out in 
the presence of a sugar-alcohol at a pH of 3.95 to 4jQ5 and 
at a temperature of 35 to 38° C from 1 to 4 hours, 

18. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 17 in which the 
sugar-aloonol is sorbitol, said sorbitol being present at a 
concentration between 2% and 10% (w,V). 

19. A method for the production of virus-inactivated 
human gammaglobulin G according to daim 1, wherein 
viral inactivation comprises pasteurisation of the filtered 
effluent. 

20. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 19 in whicb the 
filtered effluent is pasteruized in the presence of a sugar 
alcohol. 

21. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 19, wherein the 
sugar alcohol is sorbitol 

22. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 20 in which the 
sugar alcohol is present at a concentration of between 25% 
and 35% (w/w). 

23. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 20 in which the 
filtered effluent is treated with sotveot/detcrgent after said 
pasteurisation. 

24. A method for the production of virus-inactivated 
human gammaglobulin G according to daim 23 in which, 
before said treatment with sol ventAJclergeat, the pasteurised 
effluent is diluted with water for injection so that: 

(a) the concentration of sugar alcohol is 25% (w/w) or 
less, and 

(b) the concentration of protein is between 1% and 3# 

(w/v). 

25. A method for the production of virus-inactivated 
human gammaglobulin G according to daim 1, wherein 
viral inactivation comprises treatment with solvent/deter- 
gent. 

26. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 25 in which, 
after treatment with said solvent/detergent, the effluent is 
diluted with water for injection so that the pH is adjusted to 
between 7.0 and 9.0. 

27. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 26. wherein the 
pH is adjusted to between 7.8 and 8.4. 



28. A method for the production of virus-inactivated 
human gammaglobulin G according to daim 26 in which the 
effluent is diluted by adding, for each kilogram of effluent, 
between 1-2 kg of water for injection. 

29. A method Cor the production of virus-inactivated 
human gammaglobulin G according to claim 1 in which the 
virus inactivated human gammaglobulin G is precipitated 
from the virus inactivated effluent by the addition of PEG. 

30. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 29 in whicb 
PEG is added Co the virus inactivated effluent to a final 
concentration between 12% and 17% (w/w). 

31. A method for the production of virus- in activated 
human gammaglobulin G according to claim 29, in which 
the precipitated human gammaglobulin G is separated oo a 
tangential flow filtration membrane. 

32. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 31, in which 
the tangential flow filtration membrane has a pore size from 
0.1 to 0.45 microns. 

33. A meihod for the production of virus-inactivated 
human gammaglobulin G according to daim 31 wherein the 
precipitate si washed in said tangential now filtration mem- 
brane. 

34. A method for the production of virus- inactivated 
human gammaglobulin G according to claim 33, in which 
the precipitate is washed by the addition of four or more 
volumes of solution used to precipitate the virus inactivated 
human gammaglobulin G. 

35. A method for the production of vims-inactivated 
human gammagfcbulin G according to claim 29 wherein the 
precipitated virus inactivated human gam m globulin G is 
solubifczttl by the addition of an acid solution at pH below 
5.5, which add solution contains a carbohydrate. 

36*. A method for the production of virus- inactivated 
human gammaglobulin G according to claim 35 wherein the 
add solution comprises acetic acid with an adjusted con- 
centration of between 1 mM to 10 mM. 

37. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 35 wherein the 
carbohydrate comprises a sugar alcohol. 

38. A method for the production of virus- inactivated 
human gammaglobulin G according to claim 37, in which 
the sugar alcohol is present at a concentration from 5-20% 
(w/w). 

39. A method for the production of virus-inactivated 
human gammaglobulin G according to daim 35 wherein 
said acid solution is adjusted with an alkali to pH 4.0*4 J. 

40. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 35, in whicb 
the amount of add solution added is such that the concen- 
tration of PEG in the solubih'zed human gammaglobulin G 
is from 2% to 4% (w/w). 

41. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 40, in which 
the concentration of PEG in the solubilized human gamma- 
globulin G is from 2£% to 3.4% (w/w). 

42. A method for the production of virus-in activated 
human gammaglobulin G according lo claim 35. further 
comprising steps of: 

(a) adding an alkali to the acid solution so that the pH is 
adjusted to between 7.5 and 8.5. and 
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(b) precipitating and separating insoluble high molecular 
weight aggregates from the pH adjusted solution. 

43. A method for (he production of virus-inactivated 
human gammaglobulin G according to claim 42, wherein 
insoluble high molecular wei£it aggregates are separated 
from the pH adjusted solution by filtration. 

44. A method for the production of vino-inactivated 
human gammaglobulin O according to claim 42 further 
comprising, after separating insoluble high molecular 
weight aggregates from the pH adjusted solution, diafiltra- 
bon and concentration of the solution through ultrafiltration 
membranes of 10O kDa nominal mokcular cut-off and at a 
transmembrane pressure below 1.2 bar. 

45. A method for the production of virus-io activated 
human gammaglobulin O according to claim 44, wherein the 



solution is concentrated to a protein concentration of 1% to 
3% (w/v)i 

46. A method for the production of virus-inactivated 
human gammaglobulin G according to claim 44, further 
comprising steps of: 

(a) beating the solution to between 20 and 25* G; and 

(b) rtanofi It ration of the solution through membranes 
having a nominal pore size of 50 nro or less. 

47. A method for producing virus inactivated human 
gammaglobulin G according to claim 46 wherein the mem- 
hranes have a nominal pore size of approximately 20 run. 

48. A virus-inactivated human gammaglobulin G manu- 
factured according to the process set forth in claim 1. 
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Abstract 

A chromatographic fractionation method has been developed for the production of a liquid-stable anti-D immunoglobulin 
product for intravenous and intramuscular use* An Immunoglobulin fraction, highly enriched with and-D immunoglobulins, 
was isolated by cation-exchange cplumn chromatography and further polished, first by anion-exchange chromatography, 
followed by an aluminium hydroxide get treatment The process Includes two specific steps for virus inactivation and 
removal, namely $/D treatment ajjd nanofittrauW Theoverall and-D process yield is about 56%. The final product is 
stabilised with human albumin and? glycine and placed in ready-to-iise syringes. The anti-D product was shown to be stable 
in liquid state for at least 30 montf* at 4*C, <£> (997 Elsevier Science B.V. 

Keywords: Nanofi|tration; Anti-D Immunoglobulin; Hyperimmuno|lobulin 



1. Introduction 

Before the introduction of atyi-D immunoglobulin 
(anti-D lg) products for the prevention of fhesus 
(Rh) immunisation in the late 1960s, haerriolytic 
disease of the new-born (HDN) due to Rh blood 
group incompatibility was a serious cause of prenatal 
mortality [I J. Ever since, Rh prophylaxis by the 
injection of anti-D Ig to Rh D-negative mothers who 
gave birth to a Rh D-positive child has become 
routine in many countries [2,3]. The risk for HDN 
could further be reduced by routine antepartal ad- 
ministration of a dose of anti-D Ig at 28-30 weeks 
gestation (2.4J. Anti-D lg is also used for the 
suppression of Rh immunisation in nonsensirized Rh 
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D'pegative women after abortions, amniocentesis, 
chorionic villus sampling, ruptured tubal pregnancy 
or abdominal or fransplacental (laemorrhage, as well 
as in cases of mistransfusion pf Rh D-positive red 
blood cells (rbc) or transfusion of blood components 
containing Rh D-positive rbc to Rh D-negative 
recipients. Finally. anti-D Ig is also used for the 
treatment of idiopathic thrombocytopenic purpura 
(HP) (5], although efficacy here remains contro- 
versial (6,7], 

Due to an increasing need for anti-D lg and 
because of the successful prevention of Rh immuni- 
sation, decreasing numbers of naturally immunised 
women who could be potential anti-D plasma 
donors, the supply of anti-D Ig products has become 
a wide problem. Therefore Rh-negative female and 
male volunteers have to be recruited for immunisa- 
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tion with Rh D-posiuve rbc. Comprehensive safe- 
guards governing immunisation and boosting, as well 
as collection of anti-D plasma including viral and 
antibody testing of donors and rbc, quarantine of 
frozen rbc. recipient testing and testing of the 
hyperimmune plasma have to be performed. This 
makes anti-D hyperimmune plasma both rare and 
costly. Clinical use of monoclonal or recombinant 
anti-D instead of classical ami-D Ig products would 
eliminate the need to recruit and immunise volunteer 
donors. However, until a monoclonal anti-D becomes 
available and is shown to have the same degree of 
efficacy as plasma-derived polyvalent anti-D prod- 
ucts, economic and efficient methods for the prepara- 
tion of safe and efficacious anti-D fg products are 
needed, in the past anti-D Igs were produced by 
cold ethanol fractionation (8,9] or by column chro- 
matography on anion exchangers (10- 13 J. Most and- 
D products are still produced by ethanol fractiona- 
tion. Only few products are obtained exclusively by 
chromatography, especially after evidence of trans- 
mission of hepatitis C virus to patients when the 
manufacturing process did not include efficient viral 
inactivation and/or removal steps [14.15]. According 
to our experience, ethanol fractionation of anti-D Ig 
results in extremely low yields (below 20%), where- 
as yields of 90% were reported for anti-D Ig purified 
by a single anion-exchange chromatography [13]. 

Based on these considerations we developed a 
multistep chromatographic fractionation method for 
the production of a safe and liquid-stable anti-D Ig 
preparation for intravenous and intramuscular use. 
The process includes two specific steps tor virus 
inactivation and removal, namely S/D treatment 
[16.17] and nanofiltration [18]. Source plasma con- 
taining anti-D immunoglobulins was obtained by 
plasmapheresis of Rh- immunised volunteers. 

Extensive process and virus validation studies, as 
well as stability studies were performed. Data on 
process validation, virus validation and product 
stability are presented. 



2, Experimental 

2.1. Purification of anti-D IgG 

The starting material was plasma from Rh D- 
negative women or men who were sensitised against 



Rh factor D with carefully selected Rh D-positive 
rbc The plasma obtained through plasmapheresis 
was individually frozen and thawed at 0-4°C prior to 
fractionation and pooled to 25 I. The plasma pool 
was centrifuged at 9400 g with a continuous flow of 
I l/min in a Cepa centrifuge (Cepa, Lahn, Germany) 
to remove the cryoglobulins. Enveloped viruses (e.g. 
such as HIV, Hepatitis B and Hepatitis C) that 
potentially could have been present were then inacti- 
vated by S/D treatment of the cryoglobulin depleted 
plasma pool with 1% Triton X-100 (Rohm and Haas, 
Frankfurt, Germany) and 1% tri-n-butylphosphate 
(TnBP, Merck, Darmstadt, Germany) for 4-4.5 h at 
30*C [16.17]. S/D- treated plasma was then fraction- 
ated on a weak cation exchanger (MacroPrep 50 CM, 
BioRad, Hercules. CA. USA). Plasma was first 
diluted with 10 mmoi/1 sodium phosphate to the 
conductivity of the equilibration buffer (50 mmol/1 
sodium phosphate buffer, pH 5.5, 3.2 mS/cm), the 
pH adjusted to 5.5, filtered through a 1.2-u.m Seal- 
kleen 7002 NNP filter (Pall. Dreieich, Germany) and 
then immediately chromatographed on MacroPrep 50 
CM in a glass column (30X7.5 cm I.D.) at a flow- 
rate of 150 cm/h. The column was subsequently 
washed with 40 column-volumes of 25 mmol/I 
sodium phosphate buffer, pH 7.0, and the anti-D 
IgG-enriched fraction was eluted with I column- 
volume of 25 mmol/1 sodium phosphate buffer, pH 
7.5, containing 0,2 mol/1 sodium chloride. Further 
purification was performed by adsorption of im- 
purities with a weak anion exchanger (DEAE- 
Sephadcx, Pharmacia, Uppsala, Sweden) with 2 g per 
I. followed by an aluminium hydroxide gel 
(Alhydrogel, Superfos, Vedbaek, Denmark) with 0.2 
g Al(OH), per g protein in batches. To achieve 
further concentration, the purified anti-D IgG frac- 
tion was again bound to MacroPrep 50 CM in a glass 
column (12X10 cm I.D.) with a Mow-rate of 230 
cm/h r the gel having been previously equilibrated 
with 50 mmol/1 sodium phosphate buffer, pH 5.5. 
The anti-D containing IgG fraction was eluted with 
25 mmol/t sodium phosphate buffer. 0.2 mot /I 
sodium chloride. pH 5 J. MacroPrep 50 CM columns 
can be reused at least 20 times without deterioration. 
Columns were cleaned in place with 2 column 
volumes of t mol/1 NaCI and 5 column-volumes of 
I mol/1 NaOH, finally rinsed with 4 column volumes 
of water and stored in 209c ethanol DEAE-Sephadex 
and Alhydrogel were both discarded after single use. 
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2.2. Nanofiltration 

Nanofiltration for vims removal with Piano va 15N 
was performed according to the manufacturer's 
recommendations (Asahi Chemical Industry. Tokyo, 
Japan). The filter technology is based on hollow fibre 
membranes made from cuprammonium regenerated 
cellulose. The concentrated anti-D IgG fraction 
produced as described above was prefiltered at a 
protein concentration of 8-10 g/1 through a 0.1 -jim 
SealkJeen 7001 NTP filter (Pall) and immediately 
nanoflltered through a Planova J5N filter (15 nrn 
mean pore size) with a maximum volume of 20 
l/m : . The nanofiltration was performed in dead-end 
mode at room temperature at a maximum pressure of 
10 s Pa. Total protein, total IgG and anti-D antibodies 
were analysed, and yields were calculated. Protein 
composition (SDS-PAGE) and size distribution 
(HPLC) before and after nanofiltration were com- 
pared. SDS-PAGB was performed as described [I9J; 
HPLC was performed on a TSK G3000SW column 
60X7.5 mm LD. (TosoHaas, Stuttgart, Germany) 
with a 40 mmol/l sodium phosphate buffer. pH 7.0, 
at a flow-rate of 0.5 ml/min on a HP1050 liquid 
chromatograph (Hewlett-Packard, Waldbronn, Ger- 
many). 

2.3. Formulation 

The bulk solution, as described above, was diluted 
to a final concentration of 100 u.g/m) anti-D IgG and 
stabilisers were added (final concentrations being 1% 
human albumin (Albumin SRK, ZLB, Bern. Switzer- 
land) and 275 mmol/| glycine (Merck), respective- 
ly). The pH was adjusted to 5.2; after sterile filtration 
the solution was dispensed into 2-ml ready-to-use 
syringes. 

2.4. Virus validation 

Virus validation studies were performed according 
to established European Community (EC) guidelines 
{20-22]. The studies were performed at our institu- 
tion, or in collaboration with CLB (Central Labora- 
tory of The Netherlands Red Cross Blood Transfu- 
sion Service, Amsterdam, The Netherlands) or Anal- 
ysis Biomedizinische GmbH (Frankfurt. Germany). 
Six individual steps employed in the production of 
the anti-D product, which involved cation- and 



anion-exchange chromatography, treatment with alu- 
minium hydroxide gel, S/D treatment as well as 
nanofiltration* were validated for their effectiveness 
in inactivating and /or removing viruses. Viruses used 
in these validation studies were chosen according to 
the recommendations of the European Committee of 
Proprietary Medicinal Products (CPMP) (21]: human 
immunodeficiency virus (HIV), as a model for HIV 
I and HIV 2; bovine viral diarrhoea virus (BVDV). 
as a model virus for hepatitis C virus: pseudorabies 
virus (PRV), as a model for large enveloped ONA 
viruses; and canine parvovirus (CPV), as a model for 
human parvovirus BI9. 



2J. Analytical techniques 

Anti-D potency was measured by the autoana- 
lyser-haemaggiutination technique described in the 
European Pharmacopoeia (Ph. Eur.) (23 J using a 
WHO reference anti-D as standard. IgG, (gG-sub- 
classes and IgM were determined by laser 
nephelometry (Nephelometer BNA, Behringwerke. 
Marburg, Germany). IgA was measured by radial 
immunodiffusion using NANORID (The Binding 
Site, Birmingham, UK). Relative contents of plasma 
proteins were determined by cellulose acetate mem- 
brane electrophoresis with the Celloplaque kit 
(Sebia. Issy-les-Moulineaux. France). Molecular size 
distribution (monomers, dimers. aggregates) was 
determined by HPLC as described above (see Sec- 
tion 2.2). Anticomplementary activity (ACA). os- 
molality and prekallikrein activator (PKA) were 
assayed according to the methods described in Ph. 
Eur. (24). Activities of serine proteases were mea- 
sured with the chromogenic substrate S-22SS 
(Chromogenix, Mdlndal. Sweden). Antibody-depen- 
dent cell-mediated cytotoxicity tests (ADCC) were 
performed as described [25]. Briefly, group 0 
Rhesus-positive roc (=target cells) were incubated 
with 1% papain (Fluka. Buchs, Switzerland) in 
sterile saline for 4 min at room temperature, and 
subsequently labelled with 5, Cr (NEN, Boston. MA, 
USA). The radtolabelled rbc were preincubated with 
anti-D products in serial dilutions for I h at 37°C. 
Then. monocyte-depleted mononuclear cells 
(= effector cells) were added to the rbc and the cell 
suspension was incubated for 18 h at 37°C 51 Cr 
release was measured in a 1215 Rack beta counter 
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(Wallac Oy. Turku, Finland) and specific lysis was 
calculated. 

2.6. Stability testing 

Anti-D potency, total protein, pH, ACA. PKA and 
osmolality were assayed at the beginning of the 
study and after 6. 12, 18 and 24 months of storage at 
4 and 26°C. and additionally, after 30 months of 
storage at 4°C. Anri-D potency was also tested in a 
'stress test', after an additional incubation at 37°C 
for 4 weeks at each time point, 



3, Results and discussion 
J. /. Purification process 

The anti-D immunoglobulin is purified by a 
combination of antibody adsorption and desorption 
on different chromatographic resins. The isolation 
method includes two specific steps for virus inactiva- 
lion and removal, namely S/D treatment and nanofil- 
tration. ^nti-D and total protein recoveries during 
the production process pre summarised in Table 1 . 

The rrjain purification of anti-D fgG was per- 
formed by cation -exchange chromatography on a 
MacroPrep 50 CM cojumn. Albumin, a- and 
globulins as well as a substantial pan of -y-globulins, 
comprising more than 90^ of IgG and about 997% 
of IgA were washed ou| from the MacroPrep 50 CM 
column, whereas most of the specific anti-D fgG 
antibodies were retained by the column. The anti-D 
feG-enric|ied fraction was then el u ted with a buffer 
of increased ionic strength. A typical alution pattern 
is shown in Fig, I. 

In contrast rp previously described chromatograph- 
ic methods [10-13], where anion exchangers were 




i 2 
time (hours) 

Ftg. 1. Chromatographic pattern of plasma protein fractionation by 
cauon-txcHange column chromatography on MacroPrep 50 CM. 
The sharp elution peak reflects an IgG fraction with selectively 
enriched anti-D IgG. 



used to isolate the complete y-globulin fraction, the 
method described herein, makes use of a cation- 
exchange chromatography as a principle isolation 
step that allows the isolation of anti-D IgG in a 
significantly higher purity. The final product, con- 
taining about 1% of the original total protein and 
<\0% of the total IgG. had a significantly increased 
specific anti-D antibody activity. The specific activi- 
ty was directly depending on the plasma pool anti-D 
concentration and varied from 2.8 to 73% (« = 7), 
The IgG subclass distribution was significantly al* 
tered by this step: IgG, and IgG, subclasses were 
enriched from approximately 67 to 84% and from. 
7.5 to 9^, respectively, whereas IgG, was depleted 
from 22 \o 7%, and IgG 4 from 4% to trace. Anti-D 
activity 11 mainly associated with subclasses IgG, 
and fgGjf therefore, the enrichment of these subclas- 
ses is a reason for the increased specific activity of 
anti-D IgG. The same chromatographic step reduced 



Table I 



Anti-D and protein recovery during production process 


Sample 


Aittf.D recovery imean*5.D.. n ** 7) f9fr) 


Protein recovery (meanrS.D.. n = 7) (%) 


Cryoprecipitate-depletcd plasma 


I0O 


100 


Post S/D-treatment 


98.4=17 


I02.l:=5.9 


Post cation-exchange chromatography 


71.1=4.5 


1.52:0.1 


Post DEAE-Sephadex treatment 


64.0=5.2 


1.1-0.1 


Post Alhydrogel treatment 


55.7 = 55 


1.0=0.1 


Post concentration 


55.9=4.5 


0.9=0.1 
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Table 2 

Composition of bulk solution 


Analyses 


MeanrSXM/i°7>(tf> 


Gammaglobulins 




IgG 1 


83.8 £1.7 


IgG 2 


7.1 ±2.4 


\%o 3 


8.7£l.l 


IgG 4 


traces 


Monomers * dime rs 


1002:0.1 


Aggregates 


O.OrO.I 



the amount of solvent and detergent used for virus 
inactivation to <l and <5 u.g/ml for Triton X-100 
and TnBP. respectively. 

Further purification of anri-D IgG was achieved by 
treatment with a weak basic ion-exchange gel 
(DEAE-Sephadex), followed by an aluminium hy- 
droxide gel (Alhydrogel). The remaining IgA was 
specifically reduced by >95%, to <5 u.g/m| (/|=6) 
by the DEAE-Sephadex treatment, whereas serine 
proteases were reduced by >96%. to <5 nkai/1 
(/?=7) by the treatment with AlhydrogeJ. Thus the 
final anti-D product contains very low concentrations 
of IgA ( <0.25 jig/ml). Such low amounts of IgA in 
immunoglobulin products were reported to be well 
tolerated even by IgA hypersensitive IgA-dcficient 
patients (26). An improved tolerability is therefore 
expected for our anti-D product. 

Subsequently, the purified anti-P IgG fraction was 
concentrated by a second cation-exchange chroma- 
tography on MacroPrep 50 CM gel and eluted in a 
small volume with a buffer of increased ionic 
strength. 

Purity and composition of this bulk solution are 
summarised in Table 2. Table 3 shows the correla^ 
tion between the anti-D concentration in the plasma 



Tabic 4 

Composition of final product 



Volume 


2 ml 


Anii-D IgG 


200 |ig 


Albumin 


20 mg 


Protein content 


<30mg 


Glycine 


41.2 mg 


PH 


5.2 



The rmaJ product contains 1.4-3.9 mg/m! of IgG. <5 itg/ml of 
IgM and <0.25 jig/ml of IgA t/i = 7). The variation in k»G 
content 'is due to the variation of the anti-D titre of the source 
plasma. 



pool and the specific activities of the anti-D IgG that 
were obtained by this procedure. Taking into account 
thai plasma pools have an IgG concentration of 
approximately 10 mg/ml. the increase in specific 
activity is about 10-fold. This also holds true if. for 
process validation, very low titre plasma pools ( < I 
u.g/ml anti-D) were fractionated (data not shown). 
Yield and purity of laboratory, pilot and process 
scale products were very consistent and no problems 
arose during the scaling up procedure. The overall 
anti-D yield of seven production lots was 56±5%. 
According to our experience and reports from others, 
significantly lower yields were obtained for anti-D Ig 
produced by ethanol fractionation. No data on other 
chromatographically produced commercial anti-D 
products are available. Characteristics of the final 
product are listed in Table 4. 

3.2. Functhtwliry 

Potency and functionality of the described anti-D 
product were demonstrated in vitro, generally by the 
autoanalyser haemaggluti nation assay that was used 



Table 3 

Specific activity 



Lot no. 


Content of ami-D IgG in plasma pool <u.e/ml) 


Specific activity in final product <*> 


1 


25.8 


2.8 


2 


60,9 


5.5 


3 


55.9 


4.5 


4 


54.8 


5.6 


5 


64.7 


5.2 


6 


77.3 


7.3 


7 


37.7 


3.2 



Specific activity is expressed as % of specific anti-D IgG molecules per total IgG. 
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for the quantification of anti-D (in-process, on the 
Anal product and during stability studies), and addi- 
tionally, by comparison with Immuaglobulin Anti-D 
SRK (the predecessor product of ZLB), in an ADCC 

assays (Fig. 2). 

XJ. Stability 

Long-term stability of the anti-D product was 
investigated with material produced in both pilot and 
production scale. The potency, defined as anti-D 
antibody content, did not change after 30 months of 
storage at 4°C (Fig. 3). A continuous decrease in 
anti-D antibody activity was observed at a storage 
temperature of 26°C resulting in a 10^ loss of 
activity within 6 months (Fig. 3). although no 
degradation of the IgG was apparent in SDS-PAGE 
(data not shown). All other parameters measured 
(total protein, pH. ACA, PKA, osmolality) did not 
change during the study at either temperature. Thus, 
the anti-D product is stable for at least 30 months at 
4°C but only for a period of about 6 months at 26 a C. 
The stability of various liquid anti-D preparations 
from different European manufacturers has been 
previously described (27,28]. The loss of activity at 
4°C varied from about \% to more than 10% per 
year. This variation was attributed to residual 
proteolytic activities, as well as the problem of the 
error of the anti-D quantification assay. The de- 
scribed anti-D product shows very low serine pro- 




o.ooi 



o.oi o.i 
anti-D/ml 




Fig. 2. The new ami-D produce and Immungiobuttn Anti-D SRK 
i ho wed the same efficacy when compared in an ADCC assay. 
Results are expressed as % lysis of ihree independent experiments 

'meanrS.D.J. 



Rg. 3. Ami-D stability data (meanrS.D. with regression lines* of 
different lots, produced in pilot or production scale. Samples were 
stored at <FC for up to 30 months iti = 7> and at 26°C for up to 12 
months in «=5) or up to 24 moths tn=*3). respectively, in the final 
jlass container (ready-to-use syringe). Data are expressed as % of 
baseline. 



tease (including plasmin) activity. Plasminogen and 
PKA were below detection limits. These properties, 
i.e. high purity and low proteolytic activities, com- 
bined with an optimised formulation, contribute to 
the excellent stability of the liquid product at 4°C 
The accelerated degradation test performed after 
heating the final product to 37*C for 4 weeks (stress 
test according to Ph. Eur.) never exceeded a drop of 
20% of the initial anti-D value. Thus all results were 
in compliance with the requirements of the Ph. Eur. 
monographs on Human Anti-D Immunoglobulin and 
Human Immunoglobulin for Intravenous Use 
(23.29J. 

14. Safety 

Six different steps of the production process, 
which involved cation-exchange columns I and H, 
treatment with DEAE-Sephadex, treatment with 
Alhydroge! followed by filtration, S/D treatment as 
well as nanorlltration were validated for their 
potency of virus inactivation and/ or removal. Dupli- 
cate experiments were performed with in-process 
fractions from two individual production lots. The 
minimal cumulative reduction factors for the in- 
dividual viruses are listed in Table 5. 

The viral elimination capacity of single chromato- 
graphic purification steps was reported to be in- 
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Table 5 



Cumulative vims reduction factors (\og, 0 ) 
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Genome: 
Envelope: 
Size mm): 



Vtrua 



HfV 

RNA 
y* 

80-100 



0VDV 

RNA 

yea 
40-70 



PRV 

DNA 
yea 

1 20-200 



CPV 

OKA 
no 

18-24 



S/D treatment 
Cation-exchange column I 
DEAE treatment 
Athydrogel treatment 
Cation-Exchange column l\ 
yanorlltradoo 
Total 



2:6.0 
» 

1.4 
3.1 

a 63 
£16.8 



£5.4 
1.6 



£12.5 



a; 5.6 
> 

2=2.5 

1.4 
_* 

£5.6 
2*15.1 



25 



3.5 
6.0 



n i. not determined. 
'No significant reduction. 



sufficient (30}. We also found some contribution to 
the overall virus reduction by distinct chromato- 
graphic steps with certain viruses, but these steps 
cannot replace specific virus inactivation and /or 
removal treatments, pfficacy of S/p treatment for 
the inactivation of enveloped viruses, as well as the 
safety of S/D-treated blood product are well estab- 
lished and widely accepted (31,32). $/D treatment of 
pool plasma did not significanfly affect anti-D func- 
tionality and was therefore the method of choice fpr 
virus inactivation. In the present sttjdy, this process 
was further investigated in order to demonstrate tlje 
kinetic^ of inactivation. All three enveloped viruses 
tested < HIV. BVDV, pRV) were inactivated to unde- 
tectable, levels within 2 rain. 

Nanqfiiters for removal of viruses in the purifier 
tion process of plasma product) only recently 
became available. Because nano filtration removes 
viruses according to their size, it is applicable to all 
types of viruses above the cut-off of the filters used. 
The efficacy of nanorlltration as a method for 
improving the safety of plasma products has to be 
carefully considered [33,34); in particular, die pore 
size has to be chosen as small as possible so that 
viruses are removed effectively, but not so small that 
the proteins of interest are retained by the filter. So 
far, there are only a few nanofiltered plasma products 
described in the literature [35-38]. NanofiUration of 
bulk solution was introduced into the purification 
process to increase the viral safety of the anti-D 
product. A 15-nm pore size filter was chosen since 



this should remove even very small, non-enveloped 
viruses. No differences in protein composition (SDS- 
PAGE) and size distribution (HPLC) were detectable 
before and after nanofiltrarion. No significant loss of 
proteins was observed. Recoveries of total protein, 
total IgG and anti-D antibodies in the nanofiltrate 
were 9^31:2.5, 99.2*4.2 and 95.5il.9%. respec- 
tively (/j=6). 

The two specific steps for virus inactivation and 
removal, namely S/D treatment and nanorlltration. 
contribufe to the higfi level of virus safety. The 
cumulatjve virus reduction factors that were obtained 
in the validation studies (Table 5) are in compliance 
with cuftent regulatory requirements [20-22]. Addi : 
tional safety is obtained by extensive testing of each 
single donation for absence of HBsAg, antibodies 
against HIV 1+2 and HCV. as well as absence of 
increased Al-AT (alanine aminotransferase) activity. 
In addition, plasma pools are screened by PCR for 
HAV and parvovirus BI9. The anti-D product con- 
tains substantial amounts of antibodies against hepa- 
titis A virus and human parvovirus BI9. Such 
antibodies may greatly contribute to the overall viral 
safety by neutralising these viruses if present in the 
plasma pool. 

Tolerability, viral safety, as well as the efficacy to 
prevent Rh immunisation have been demonstrated in 
two clinical studies. Pharmacodynamics, phar- 
macokinetics and efficacy were investigated in a 
phase-l. single-centre, open-label, single-dose study 
with Rh-negative male volunteers challenged with 
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Rh-positive red blood cells. A phasoHVIH multicen- 
tre, open-label, single-dose study demonstrated the 
tolerability and efficacy to prevent Rh immunisation 
of Rh-negative postpartum mothers at risk of de- 
veloping Rh anribodies. 



4. Conclusions 

The anti-D product described in this report is 
highly pure, liquid-stable, safe and can be adminis- 
tered either by the t.v. or the i.m. route. Safety, 
efficacy and tolerability have been demonstrated in 
two clinical studies. No adverse events related to the 
use of the anti-D product have been reported within 
the first year of its routine clinical use. The excellent 
yield that is obtained by the chromatographic purifi- 
cation process saves rare and cosily anti-D plasma 
and may help to overcome the wide shortage of 
anti-D products. 
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1. Product Summary 

1.1 Introduction 

This guide is designed to provide the method to be used for qualifying Planova® 20N. 

The guide is composed to show our user a product summary, which includes product 
description, catalogue numbers, product specifications, safety data, sterilization, other technical 
data and sample certificate of analysis. 

Also, the guide describes the test methods and results for: virus qualification, protein 
transmission, linear scaleability, maximum operating limit, integrity test by Asahi Kasei, 
integrity test by user, pyrogenicity, cleanliness, biological safety, hold-up volume and pH 
compatibility. 

Asahi Kasei has further technical information than described in this guide. 
To receive further technical information and technical services, please contact Planova 
Division office nearest you as shown on the back cover page of this guide. 

1.2 Product Description 

Planova® 20N filter is designed to retain small non-enveloped viruses, such as parvovirus and 
hepatitis A virus (HAV), with virus removal factors in excess of 3 logs, while providing high 
rates of protein recovery for proteins up to 340 kD such as plasma-derived immunoglobulin G 
(IgG), Factor VHI and fibrinogen. 

This product has been developed and validated using porcine parvovirus (PPV) as a model 
virus. This filter utilizes a hollow-fiber microporous membrane composed of naturally 
hydrophilic cupramrrpnium regenerated cellulose and can remove larger viruses than mean 
pore size of the filter While allowing smaller proteins to permeate. 

The follow fibers of Planova* filters have the unique structure attributed to the 
three-dimensional networked membrane pore structure of interconnecting capillaries and voids. 
This structure and filtration mechanism enable the higher removal of viruses and the effective 
permeability of proteins. 

Planova® 20N filters are provided with five effective surface areas of 0.001m 2 , 0.01m 2 , 
0.12m 2 , 0.3m 2 and 1.0m 2 . Due to diversified surface areas, it is easy to design scale-up and 
scale-down experiments. 

Planova® filters can be used in either one of two dead-end filtration mothods or a tangential 
filtration mode. 
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2. Test Methods & Results 
2.1 Virus Qualification 

(1) Summary 

Virus removal capability of Planova® 20N was studied using MuLV, SV40, BVDV, 
poliovirus and porcine parvovirus (PPV). 

This study of the Planova® 20N filter employing porcine parvovirus (PPV) exhibited log 
reduction values (LRV) of more than 3 logs. 

Other studies employing poliovirus, SV40, BVDV, and MuLV showed LRV of £ 8.0 log, 
£5.8 log, £7.7 log, and £6.9 log, respectively. 

Those results indicate that removal mechanism of Planova® 20N is based on size exclusion. 

Regarding small non-enveloped viruses, both single and double filtration (two filters 
connected in series) have been conducted. Higher clearance was observed in the double 
filtration compared to the single filtration. 

(2) Method 

The tests were conducted at Biological Research Faculty & Facility Inc. (MD, USA) . 
Each virus was spiked to the 5 %FBS(or Horse Serum for BVDV)/D-MEM 
Filter surface area: 0.001m 2 
Filtration volume: 60mL/0.00lm 2 (60L/m 2 ) 

Filtration mode: Dead-end and constant pressure filtration 

Filtration pressure: 78.4 kPa ( 0.8 kgf/cm 2 , 1 1 .4 psi) 

Prefilter: Planova® 35N (for PPV and Polio virus, to remove aggregates) 

Planova® 75N (for S V40 and BVDV, to remove aggregates) 
Assay: Plaque assay method or Focus assay method (for MuLV) 



(3) Tested Viruses 



Virus 


Genera 


Genome 


Envelope 


Size (nm) 


PPV 


Parvovirus 


DNA 


No 


18-24 


Poliovirus 


Picornavirus 


RNA 


No 


25-30 


SV40 


Polyomavirus 


DNA 


No 


40-50 


BVDV 


Pestivirus j 


RNA 


Yes 


50-70 


MuLV 


Type C Oncovirus 


RNA 


Yes 


80—110 



(4) Acceptance Criteria 
Planova® 20N filter exhibits a minimum 3.0 LRV of PPV. 
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(5) Test Results 



Vjms 


Single/Double 
riiuaiion 


Viral Load 
(pfu/mL) 


Virus in Filtrate 
(LoglO) 
(pfu/mL) 


LRV 


Note 


PPV 


Single 


9.07 


4.37 


4.70 




Double 


9.07 


2.47 


6.60 




Poliovitus 


Single 


9.56 


1.48 


8.08 




Doable 


9,56 


£1.01 


£8.55 




SV40 


Single 


6.82 


Ssl.01 


£5.81 




BVDV 


Single 


8.70 


Sl.Ot 


£7.69 




MuLV 


Single 


7.92* 




£6.91 


*ffu/mL for MuLV 



step 



Fraction 


Volume 


Viral Load (LoglO) 


Virus in Filtrate (LoglO) 


LRV 




(mL) 


(pfu/mL) 


(pfu/mL) 




1 


10 


8.29 


1.22 


7.07 


2 


10 


8.29 


3.14 


5.15 


3 


10 


8.29 


3.77 


4.52 


4 


10 


8.29 


3.99 


4.30 


5 


10 


8.29 


4.15 


4.14 


6 


10 


8.29 


4.18 


4.11 


Combined 


60 


9.07 


4.37 


4.70 



Viral Reduction for Porcine Parvovirus (Double step filtration) 



Fraction 


Volume 


Viral Load (LoglO) 


Virus in Filtrate (LoglO) 


LRV 


No. 


(mL) 


(pfu/mL) 


(pfu/mL) 




1 


10 


8.29 


1.22 


7.07 


2 


10 


8.29 


1.22 


7.07 


3 


10 


8.29 


1.22 


7.07 


4 


10 


8.29 


1.82 


6.47 


5 


10 


8.29 


1.82 


6.47 


6 


10 


8.29 


1.92 


6.37 


Combined 


60 


9.07 


2.47 


6.60 
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Viral Reduction for Poliov 


rus (Single step filtration) 


Fraction 
No. 


Volume 


Viral Load (LoglO) 
(pfu/mL) 


Virus in Filtrate (LoglO) 
(pfu/mL) 


LRV 


i 


10 


8.78 


1.22 


7.56 


2 


10 


8.78 


51.22 


£7.56 


3 


10 


8.78 


51.22 


£7.56 


4 


10 


8.78 


51.22 


£7.56 


5 


10 


8.78 


£1.22 


£7.56 


6 


10 


8.78 


£1.22 


£7.56 


Combined 


60 


9.56 


IM 


8.08 


Viral Reduction for Poliov 


rus (Double step filtration) 


Fraction 
No. 


Volume 
(mL) 


Viral Load (LoglO) 
(pfu/mL) 


Virus in Filtrate (LoglO) 
(pfu/mL) 


LRV 


1 


10 


8.78 


51.22 


£7.56 


2 


10 


8.78 


51.22 


£7.56 


3 


10 


8.78 


£1.22 


£7.56 


4 


10 


8.78 


21.22 


£7.56 


5 


10 


8.78 


51.22 


£7.56 


6 


10 


8.78 


51.22 


£7.56 


Combined 


60 


9.56 


£1.01 


£8.55 


Viral Reduction for SV40 ( 


Single step filtration) 


Fraction 
No. 


Volume 
(mL) 


Viral Load (LoglO) 
(pfu/mL) 


Virus in Filtrate (LoglO) 
(pfu/mL) 


LRV 


1 


10 


6.05 


£1.22 


£4.83 


2 


10 


6.05 


£1.22 


£4.83 


3 


10 


6.05 


£1.22 


£4.83 


4 


10 


6.05 


51.22 


£4.83 


5 


10 


6.05 


51.22 


£4.83 


6 


10 


6.05 


51.22 


£4.83 


Combined 


60 


6.82 


£1.01 


£5.81 
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Viral Reduction (or BVDV (Single step filtration) 



Fraction 
No. 


Volume 
(mL) 


Viral Load (Log 10) 
(pfu/mL) 


Vims in Filtrate (LoglO) 
(pfu/mL) 


LRV 


1 


10 


7.92 


£1.22 


£6.70 


2 


10 


7.92 


£1.22 


£6.70 


3 


10 


7.92 


£1.22 


£6.70 


4 


10 


7.92 


£1.22 


£6.70 


5 


10 


7.92 


£1.22 


£6.70 


6 


10 


7.92 


£1.22 


£6.70 


Combined 


60 


8.70 


£1.01 


£7.69 


Viral Reduction for MuLV (Single step filtration) 


Fraction 
No. 


Volume 
(mL) 


Viral Load (LoglO) 
(ffu/mL) 


Vims in Filtrate(Logl0) 
(ffu/mL) 


LRV 


1 


10 


7.15 


£1.22 


£5.93 


2 


10 


7.15 


£1.22 


£5.93 


3 


10 


7.15 


£1.22 


£5.93 


4 


10 


7.15 


£1.22 


£5.93 


5 


10 


7.15 


£1.22 


£5.93 


6 


10 


7.15 


£1.22 


£5.93 


Combined 


60 


7.92 


£1.01 


£6.91 



2,2 Protein Transmission Results 

(1) Summary 

To evaluate permeability of high-molecular weight proteins through Planova® 20N, bovine 
immunoglobulin solution was filtered. We conducted tests in dead-end and constant pressure 
filtration mode, and dead-end and constant How rate filtration mode. 

Filterability was evaluated on the influence of filtration pressure, IgG concentration and 
filtration temperature. 

Lower IgG concentration and higher temperature were more advantageous for filterability of 
the protein through Planova®20N, but filtration pressure had little influence on the filterability. 
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(2) Method 

Test-1 : Dead-end and Constant Pressure Filtration for 3 % Bovine IgG 
Test-2: Dead-end and Constant Pressure Filtration for 1 % Bovine IgG 
Test-3: Dead-end and Constant Pressure Filtration of Bovine IgG 

; Influence of filtration pressure and IgG concentration on permeability 
Test-4: Dead-end and Constant Row Rate Filtration of Bovine IgG 

; Influence of IgG concentration on permeability 
Test-5: Dead-end and Constant Flow Rate Filtration of Bovine IgG 

; Influence of Filtration Temperature on permeability 



(3) Test Results 

Test-1 : Dead-end and Constant Pressure Filtration for 3 % Bovine IgG 
©Conditions 

0.001m 2 

Dead-end and constant pressure filtration 
78.4 kPa (0.8 kgf/cm 1 , 1 1.4 psi) 
25°C 

3 % Bovine IgG in 0. 15 M NaCl 
manufactured by Life Technology 
Planova*35N 



Filter surface area: 
Filtration mode: 
Filtration pressure: 
Filtration temperature: 
Protein solution: 
Bovine IgG: 
Prefilter: 
©Results 



Protein 
Solution 


Filtration 
Time (hr) 


Filtration Volume (L/m 2 ) 


Bovine 1 


gG permeability (%) 


15N 


20N 


35N 


15N 


20N 


35N 


3% 
Bovine 
IgG 


1 






90-100 






100 


3 


4.1-4.5 


10-21 




Ca.65 


80-90 




5 




13-26 




Ca.68 


Ca.80 





Test-2: Dead-end and Constant Pressure Filtration for 1 % Bovine IgG 
©Conditions 

Filter surface area: 0.00 1 m 2 

Filtration mode: Dead-end and constant pressure filtration 

Filtration pressure: 78.4 kPa (0.8 kgf/cm 2 , 1 1,4 psi) 

Filtration temperature: 25°C 

Protein solution: 1 % Bovine IgG in 0.15 M NaCl 

Bovine IgG: manufactured by Life Technology 

Prefilter: Planova* 35N 
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©Results 



Protein 
Solution 


Filtration 
time (hr) 


Filtration Volume (L/m J ) 


Bovine IgG permeability (%) 


15N 


20N 


35N 


15N 


20N 


35N 


1% Bovine 
IgG 


1 






Ca. 120 






100 


3 


Ca. 12 


55-94 




Ca.90 


>95 





Test-3: Dead-end and Constant Pressure Filtration of Bovine IgG 

; Influence of filtration pressure and IgG concentration on permeability 
©Conditions 

0.01 m 1 
25°C 

29.4, 49.0, 68.6 IcPa (0.3, 0.5, 0.7 kgf/cm 2 , 4.3, 7.1. 10.0 psi) 
Bovine IgG, 3 % and 5 % in 0.15 M NaCI 
manufactured by Life Technology 
Planova®75N 



Filler surface area: 
Filtration temperature 
Filtration pressure: 
Protein solution: 
Bovine IgG: 
PrefHter: 
©Results 



s 

2 
c 
o 



120 
100 

80 

60 

40 

20 H 
0 




— • — 0.3kgVcm2-3wft% 
— t — 0.5kgtfcm2-3vvt% 

- <+> * a7kgVcm2-3wt% 
A ■ Q.3kgVcm2-5wt% 

—4— q,5kgffcm2-5wt% 

- *4r - Q.7kglf , cm2-5wt% 



2 3 4 

Feed amount of IgG (g/0.01m 2 ) 



6 
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Test-4: Dead-end and Constant Row Rate Filtration of Bovine IgG 

; Influence of IgG concentration on permeability 
©Conditions 



VerLO 



Flow rate: 

Filter surface area: 

Filtration temperature: 

Protein solution; 

Bovine IgG: 

Prefilter: 



150 ml/min/ra 2 
0.0! m 2 
25°C 

Bovine IgG, l% f 3% and 5 % in 0.15 M NaCI 
manufactured by Life Technology 
P!anova*75N 



©Results 



100 



3 

I 




0 2 4 6 8 10 12 
Feed amount of IgG (g/0.01m 2 ) 

Lower IgG concentration was more advantageous to obtain Wgher feed amount of IgG. 

Test-5: Dead-end and Constant Flow Rate Filtration of Bovine IgG 
; Influence of Filtration Temperature on permeability 

©Conditions 

I50ml/min/nf 
0.01 m J 
25°C 

Bovine IgG, 1 %, 3 % and 5 % in 0.15M NaCI 
manufactured by Life Technology 
Planova®75N 
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Flow rate: 

Filter surface area: 

Filtration temperature: 

Protein solution: 

Bovine IgG: 

Prefilter: 
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2.3 Linear Scaleability 

(1) Summary 

Test were conducted to confirm a linear scaleability between mini-filters (0.001m 2 and 
0.01 m 2 ) and process filters (0. I2m 2 ,0.3m 2 , and lm 2 ) . 

It was confirmed that Planova® 20N filters have linear scaleability with respect to water flow 
rate, 3 % bovine IgG filterability, and PPV, That is, the filters are equivalent in respect to filter 
function per square meter of membrane surface area. 

2.3.1 Evaluation of Linear Scaleability by Water Flow Rate 

(1) Method 

The Planova® 20N filters with five different surface areas that were produced from two 
hollow fiber spinning series were tested. 

Filtration mode: Dead-end and constant pressure filtration 

Trans-membrane pressure: 19.6 kPa (0.2 kgf/cm 2 ) 
• Temperature: 25°C 

(2) Acceptance Criteria 

Difference in average water flow rate is less than 20 % 

(3) Test Results 

The difference in water flow rate among five different effective surface areas was 
less than 15 % of average value 





Water Flow Rate * 


Effective Surface Area (m 2 ) 


Spinning Series 


n 


Average 


SD 


0.001 


1,2 


48 


75.3 


6.1 


0.01 


1,2 


11 


69.3 


5.1 


0.12 


1,2 


16 


75.4 


3.5 


0.3 


f 1,2 


10 


67.8 


4.4 


1 


1.2 


17 


65.6 


2.6 



*>Utut : Uhr/m 2 /(kgf/cm 2 ) 
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0 0.2 0.4 0.6 0.8 1 1.2 

Effective Surface Area (m 3 ) 



2.3.2 Evaluation on Linear Scaleability of filteraWlity for 3% Bovine IgG 

(1) Method 



• Calculation formula for average filtration rate and IgG permeability were as follows: 
Average filtration rate = total volume/ (time X effective surface area) 

IgG permeability = (Concentration n]snte / Concentration fihrMd ) X 100 

(2) Acceptance Criteria 

• Difference in average filtration rate is less than 50 % 

• Difference in IgG permeability is less than 5 % 

(3) Test Results 

A difference in average filtration rate among three different surface areas was less than 16 % 
of average value, while the difference in IgG permeability was less than 5%. 



Protein solution: 
Bovine IgG: 
Prefilter: 
Filtration mode: 
Filtration pressure: 
Filtration temperature: 
Filtration time: 



3 % Bovine IgG in 0. 15 M NaCI 
manufactured by Life Technology 
Planova®35N 

Dead-end and constant pressure filtration 
78.4 kPa (0.8 kgf/cm 2 , 11.4 psi) 
25*C 
Ihr 
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Effective 


Spinning 


n 


Average 


IgG 


Water Flow Rate 


Surface Area 


Series 




Filtration Rate 


Permeability 


(L/mVhr) 


(m J ) 






(L/m 2 /hr) 


(%) 


at 0.2kgf/cm 2 


0.01 


1 


3 


4.7±0.1 


82.1 ±0.1 


13.4±0.2 


0.12 


1 


3 


SS±02 


L S53±Q£ 


14.7 ±0.3 


I 


1 


1 


S3 


833 


13.7 



2.3.3 Uniformity Evaluation for PPV LRV 

(1) Method 

PPV was spiked to the 5 %FBS/D-MEM 

Filtration mode: Dead-end and constant pressure filtration 

Filtration volume: 55 Urn 2 

• Filtration pressure: 78.4 kPa (0.8 kgf/cm 2 , 1 1 .4 psi) 

Prefilter: Pianova®35N 

Assay: TC^Q/Hemagglutination method 

(2) Acceptance Criteria 

Equivalent PPV LRV among all effective surface area filters 



(3) Test Results 

PPV LRV was confirmed equivalent. 
The results are shown in the table below. 





PPV LRV 


Effective 
Surface 
Area (m 2 ) 


Spinning 
Series 


Sample 
No 


Fr.l 


Fr.2 


Fr.3 


Combined 


0.001 


1 


1-1 


>6.19 


>6.I9 


>5.69 


>5.69 


0.001 


1 


1-2 


>6.19 


>6.19 


>6.19 


>6.19 


0.001 


1 


1-3 


>6.19 


>6.19 


>6.19 


>6.19 


0.001 


2 


2-1 


>6.19 


>6.19 


>6.19 


>6.02 


0.001 


2 


2-2 


>6.19 


>5.69 


>6.19 


>6.19 


0.001 


2 


2-3 


>6.19 


>6.19 


>5.36 


>6.19 


0.001 


3 


3-1 


>6.19 


>6.19 


>6.19 


>6.19 


0.001 


3 


3-2 


>6.19 


>6.02 


5.19 


>6.19 


0.001 


3 


3-3 


>6.I9 


> 6.19 


>6.19 


>6.02 



(To be continued) 
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PPVLRV 


Effective 
Surface 
Area (m l ) 


Spinning 
Series 


Sample 
No 


Fr.l 


Fr.2 


Fr.3 


Combined 


0.01 


1 


4>1 


>5.09 


>4.26 


>3.84 


>4i>2 


0.01 


1 


4-2 


>5.09 


>5.09 


>4.92 


>5.09 


0.01 


1 


4-3 


>5.09 


3.59 


3.09 


>4J6 


0.01 


2 


5-1 


>5.09 


>5.09 


>5.09 


>5.09 


0.01 


2 


5-2 


>5.09 


>5.09 


>5.09 


>5.09 


0.01 


2 


5-3 


>5.09 


>5.09 


>5.09 ! 


>5.09 


0.01 


3 


6-1 


>5.09 


>5.09 


>4.92 


>5.09 


0.01 


3 


6-2 


>5.09 ' 


>5.09 


>4.09 


>4.92 


0.12 


3 


7 


>5.55 


>5.55 


4.38 


>538 



Fr 1 : 0-5 IVm 2 , Fr2 : 20—25 Um\ Fr3 : 50-55 17m 2 Combined: 0-55L/m 2 



2.4 Maximum Operating Limit 

(1) Summary 

To verify maximum operating limits, the following tests were conducted: I) influence of 
filtration time at 98 kPa (i kgffcra 2 ) on LFR value of the membrane, 2) influence of filtration 
pressure on water flow rate, 3) influence of filtration pressure on PPV LRV, and 4) SS Curve of 
the membrane in expansion direction. 

The maximum operating limits of 98 kPa (1 kgf/cm 2 ) was confirmed reasonable set pressure. 

(2) Methods and Results 

TesM : Influence of the filtration time at 98kPa on LFR value of the membrane 
CD Method 

Effective surface area: 0.01m 2 

Pre-use integrity was confirmed by leakage test at 98 kPa (1.0 kgf/cm 2 ). 
Purified water was filtered at 98 kPa (1 .0 kgf/cm 2 ) for 1 - 24 hr 
Post-use integrity test was confirmed by leakage test at 98 kPa ( 1 .0 kgf/cm 2 ). 
Water flow rate was measured at 25°C and 19.6 kPa (0.2 kgf/cm 2 ). 

• LFR value was measured at.25°C, 98 kPa (1.00 kgf/cm 2 ). 
(D Acceptance Criteria 

Pass post-use leakage test 

• Pass LFR test 
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(D Test Results 

All tested filters passed both post-use leakage test and LFR test. The LFR values after 
filtration were almost equivalent. 




0 5 10 15 20 25 30 
Filtration Time (hr) 



Results of TesH 



Pressure 
(kgf/cm 2 ) 


Time 
(hr) 


Pre-use 
Leakage test 


Post-use 
Leakage test 


Water Flow Rate* 


LFR value 
(mL/min/m 2 ) 


LFR test 


1.0 


1 


Pass 


Pass 


62.0 


4.2 


Pass 


1.0 


I 


Pass 


Pass 


65.0 


4.3 


Pass 


1.0 


1 


Pass 


Pass 


64.5 


4,7 


Pass 


1.0 


5 


Pass 


Pass 


65.5 


4.0 


Pass 


1.0 


5 


Pass 


Pass 


65.0 


4.3 


Pass 


1.0 


5 


Pass 


Pass 


65.5 


3.8 


Pass 


1.0 


10 


Pass 


Pass 


64.5 


4.1 


Pass 


1.0 


10 


Pass 


Pass 


64.0 


4.1 


Pass 


1.0 


10 


Pass 


Pass 


64.5 


4.1 


Pass 


1.0 


24 


Pass 


Pass 


63.5 


4.9 


Pass 


1.0 


24 


Pass 


Pass 


63.5 


4.6 


Pass 


1.0 


24 


Pass 


Pass 


62.5 


5.0 


Pass 



*Unit: IVhr/mV(kgf/cm 2 ) 
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Test-2 : Influence of filtration pressure on water flow rate 
® Methods 

Effective surface area : 0.01m 2 

Water flow rate was measured at the pressures of 0.2 - 2.0 kgf/cm 2 at 25°C 
(D Acceptance Criteria 

The water flow rate is proportional to filtration pressure. 
® Test Results 

The water flow rate was proportional to filtration pressure up to 1.0 kgf/cm 2 . 
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0 0.5 1 1.5 2 2.5 
Pressure (kg/cm 2 ) 

Test-3 : Influence of filtration pressure on PPV LRV 
(D Methods 

Effective surface area ; 0.0 1 m 3 

PPV LRV was evaluated at filtration pressures of 0.5 - 2.0 kgf/cm 2 

® Acceptance Criteria 
The filtration pressure does not influence on PPV LRV, 



® Test Results 

When filtration pressure was set at 1.6 kgf/cm 2 or more, it was found that PPV LRV 
decreased at high filtration volume. 
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Pressure 
(kgf/cm 2 ) 


PPVLRV 


Fr.l 


Fr.2 


Fr.3 


Fr.4 


Fr.5 


Pool 


0.5 


>7.01 


>7.18 


>7.01 


>7.18 


>7.01 


>7.18 


1.0 


>7.18 


> 7.18 


6.68 


>6.35 


>6.68 


6.68 


1.2 


>7.18 


>7.18 


>7.18 


>7.18 


>7.01 


>7.18 


1.4 


>7.18 


>7.18 


>7.18 


>6.68 


> 7.18 


>7.18 


1.6 


>7.18 


>7.18 


> 7-18 


>6.68 


5.45 


>6.18 


2.0 


>7.18 


>7.18 


>7.01 


>7.01 


5.35 


7.01 



Fr 1 : 0~5 L/m 2 , Fr2 : 5~ 10 L/m 1 , Fr3 : 20~25 L/m 2 . Fr4 : 35~40 Urn 2 , Fr5 : 50~55 17m 2 
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Test-4 : Stress-Strain Curve of membrane in the expansion direction 
© Methods 

Single fiber modules with 8 cm length were prepared, (effective surface area: ca. 1cm 2 ) 

Hie module was wetted by purified water. 

Inner pressure was increased stepwise by 0.2-0.3 kgf/cm 2 . 

Outside diameter was measured after standing for 1 minute at each pressurization step. 
Hie stress (pressure, kgf/cm 2 ) was plotted as the function of strain change in the 
direction of membrane thickness (measured diameter change, %). 
® Acceptance Criteria 

* The elastic limit should be greater than maximum operating pressure. 
(D Test Results 

The elastic limit was around 1.7 kgf/cm*. 



E 

I 



3.6 



3.0 



2.5 
2.0 



1.5 



W 1.0 



0.5 



0.0 




0.0 10.0 20.0 80.0 40.0 50.0 60.0 
Strain (%) 
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iPPC* 



International Plasma 
Protein Congress 

25th-27th March 2003, Hilton, Brussels 



IPPC 2003 is the primary event on 
plasma protein therapies, and the 
ideal environment to: 

• Get Updated on the latest 
developments affecting the 
plasma protein and recombinant 
alternative therapies 

• Learn about the latest technical 
and service developments 

• Interact with opinion leaders of 
the plasma protein therapies 
industry, representatives of 
governmental institutions and 
members of the patient and 
physician communities 




A full agenda listing and registration details can be 
found Irtshfew jw***^. 

Key Speakers include: 



jbhw 

Professor Lenn^rt lj4MW^siiR^i| .Molina Institute 

^Hiistratiofl 

ssor John HARRIS, JMvefsity of M^achester 
rk mil 



^XJF EUROPE 
Plasma Proidn Therapeutics Association 



I Tin I 




/v.ppta-o 



Our specially selected parallel workshops enable you to tailor this event to 
[ suit your information needs. 



In 



Tuesday 25th March PARAUEL WORKSHOPS 



Full Day Workshop ".'^ 
Manufacturing Aspects of plasma Protein Therapies 

10:00 Registration 

Chair Dr Christoph KEMPF 

ZLB Bioplasma AG 

1 0:30 - 1 1 :00 Global achievements and advances in 
pathogen safety 
Or Steve PETTEWAY 
Bayer 

1 1 :00 - II :30 Epidemiology of plasma-borne viruses 
To be confirmed 

1 1:30 - 12:00 The important role of verification daw 
To be confirmed 

! 2:00 - 1 2:30 The model virus approach: West Nile 
Virus - recent experience 
Dr Thomas R KREIL 

Baxter Bioscience 

12:30 - 14:00 Lunch and exhibition 

Non-enveloped Viruses 

1 4:00 - 14: 1 5 New technologies for non-enveloped 
viruses 

OrAlbrecht GRONER 

Aventis Behrjng 

14:15 - 1 4:45 Current inactivaaon / removal technologies 
Dr. Rodrigo GAJARDO 

Grihh 

1 4:45 - 15:15 Tests on cultured human Parvovirus B 1 9 
Dr Johannes BLUMEL 
Paul Ehrlich Institute 

1 5: 1 5 - 1 5:45 QSEAL standard for Parvovirus B 1 9 
Dr Barbee WHITAKER 
PPTA 

1 5:45 - 1 6: 1 5 Break and exhibition 

Nano-f iltration - A Case Study 

1 6: 1 5 * 1 6:45 Manufacturing and regulatory implications 
Dr Herbert DICHTELMULLER and 
Or Stefan WELLER 

Biotest 

16:45 - 17:15 A regulator's perspective on the 
presentations of the workshop 
Dr Albert FAR RUG I A 
The Australian Therapeutics Goods 
Administration 

17:15 - 17:30 Discussion 



Half Day Workshop 

Patients as Part of the Decision-making Process 

^ 3:30 Registration 

Chair Dr Edward HUTT 

PPTA 

14:00 - 14:30 A right to be heard 
Mr KeesWAAS 
IPOPt 

and 



Mr Brian O 1 MAHONY 

WFH 



14:30- 



14:50 



14:50 The politician's view 

Mrs Emilia MULLER MEP 

The European Parliament 

15:10 Improving regulatory decision-making 
Professor Dr Manfred HAASE 

Paul Ehrlteh Institute 

15:10 - 15:45 Discussion 

1 5:45 - 16:15 Break and exhibition 

Producing Plasma Derivatives 

1 6: 1 5 - 1 6:45 Virtual tour: plasma collection 
Mr Rudolf MEIXNER 
Humanplasma GmbH 

1 6:45 - 1 7: 1 5 Virtual tour: plasma fractionation 
Dr Nicholas JACOBSON 
Octapharma f 

1 7: 1 5 - 1 7:45 The valtfe of plasma protein therapies 
Dr Paul GIANGRANDE * 
Oxford Haemophilia Centre 

17:45-18:00 DtecussiorrSfcjl ( 




For more information and registration visit the website -* 




rnational Plasma Protein Congress 

25th-27th March 2003, Hilton, Brussels 



Wednesday 26th March CONFERENCE DAY 1 



09:00 



Registration 
Key Note 

1 0:00 - 1 0:30 The future for plasma protein 
therapies 

Dr Ruedi VYAEGER 

PPTA Global Chairman 

10:30 - 1 1:15 European Health Policy 2003-2008 
Mr John BELL 

European Commission 

I IrlS - M:45 New developments in the use of 
Immunoglobulins 

Professor Lennart HAMMARSTRdM 

Karolinska Institute 
11:45 - 12:00 Discussion 

12:00 - 13:30 Lunch and exhibition 
Plasma Quality 

Chair Mr Maurice ROBERT 

European Commission DG 
Enterprise 

13:30 - 13:50 Quality standards initiated by the 
industry 

Or Barbee WHITAKER 

PPTA 

1 3:50 - 1 4: 1 0 International aspects 
Dr Albert FARRUGIA 

The Australian Therapeutics Goods 
Administration 

14:10 - J 4:30 Blood and ptasma collection 

organisations: A need for greater 

collaboration 

Dr Knud-Peter KRAUSE 

Haema Holding AG 

14:30 - 14:50 The Study on Intensified 

Plasmapheresis (SIPLA study) 
Professor Peter HELLSTERN 

Institut fur Hamostaseologle & 
Transfusionsmedteln 
14:50- 15:10 Discussion 



Oemand for Plasma 

Chair Dr Franchise ROSSI 

Agence Franchise de Security 
Sanitaire de P rod u its de Sante 

1 5 JO - 15:45 How much ptasma do we collect ? 
Mr Patrick ROBERT 

Marketing Research Bureau 

15:45 - 16:00 How much plasma do we need I 
Mr Charles WALLER 
PPTA 

National Perspectives 

16:00 - 16:15 United Kingdom 

Mr Charles LISTER 
Department of Health, UK 

16:15-16:30 The Netherlands 

Dr Robbin WESTERHOF 

Department of Public Health, Weltbemg & 
Sport, The Netherlands 

16:30 - 16:45 Collecting more plasma - the German 
experience 

Mr Friedger VON AUER 

Federal Health Ministry, Germany 

Plasma Collection Ethics 

1 6:45 - 1 7: 1 5 Ethics of compensating donors 

Professor John HARRIS 

University of Manchester 
17:15- 17:45 Discussion 

1 7:45 Close of day one 

19:00 Cocktail Reception and Awards 

20:00 Gala dinner 

Dine and network at the 'En Plein Cier 
restaurant and enjoy panoramic views 
over the heart of Brussels 



15:10 - 15:30 Break and exhibition 



A host of experts will bring you the latest developments, updates and hot discussion topics in Conference 
Day 1. Take this opportunity to stay ahead of the competition and learn about the key issues affecting your 
industry. Register online at the address below or complete the registration form at the back of the brochure. 



A 



To register on-line today, visit our website at www.ppta-eu-congress.com 



IPPC 2003 gives you the unique opportunity to network, get updated and 
learn from the experts about the latest developments in our industry. 
Register today to secure your place at wvvvv.pptd-eu-congress.com 



Thursday 27th March CONFERENCE DAY 2 



Key Note 

08:30 - 09:00 Assuring plasma and plasma product 
quality 

Or Mark WEINSTEIN 

FDA CBER 

Safety and Supply 

Chair Ms Glenda SILVESTER 

EMEA 

09:00 - 09:20 The impact of the European Blood 
Directive 

Or Johannes KURZ 

Austrian Ministry of Health 

09;20 - 09:40 Making sure patients get the treatment 
they need 

Ms Clare TRITTON QC 
UK PJA 

09:40 - 1 0:00 Harmonisation and the availability of 

affordable products 

Mr Jan BULT 

PPTA Global 
10:00- 10:30 Discussion 

10:30 - 1 1:00 Break and exhibition 



Clinical Experience, Trials and Pharmacovigifance 
ChaJr Professor PM MANUCCI 

University of Milan 

J 1:00 - 1 1:15 A new direction for clinical data 
requirements 
Or HartwigGAJEK 
Baxter BioScience 

11:15 - 1 1:30 The view of the patient 
Mr Gordon CLARKE 

European Haemophilia Consortium 

1 1:30 - 1 1:45 The view of the clinician 
Professor PM MANUCCI 

University of Milan 

1 1:45 - 12:00 The view of the regulator 
Professor Rainer SEITZ 

Paul Ehrlich Institute 
12:00- 12:30 Discussion 

12:30 - 12:45 Conclusions and future perspectives 
Or Manel CANIVELL 
PPTA Europe Chairman 
PROBJTAS PHARMA SA 

i 2:45 -14:15 Lunch with Guest Speaker: 

Our fears and the facts. Why the gap ? 

David ROPEIK 

Harvard Center for Risk Analysis 

14:15 Close of IPPC 2003 



Plasma Protein Therapeutics Association 



The Plasma Protein Therapeutics Association (PPTA) is the primary advocate for the world's leading 
producers of plasma-based and recombinant biological therapeutics. The medicines produced by PPTA 
members are used in treating life-threatening diseases and serious medical conditions including < 
bleeding disorders, immune system deficiencies, burns and shock. 

As the global representative for the plasma therapeutics industry, PPTA works co-operatively with 
patient groups, legislators, regulatory agencies and others to address critical issues that impact the 
industry and those people who depend on plasma protein* therapeutics. PPTA's strength lies in its 
membership. The Association's global committees and regional working groups bring together 
industry experts to focus on important issues relating to the quality, safety and efficacy of plasma 
therapeutics. 



z 



PPTA Europe 

Boulevard Brand Whitlock 114/5 

1200 Brussels 

Belgium 



Tel: + 32.2.705.58.11 
Fax: + 32.2.705,58.20 
pptaeu@pptaglobal.be 
www.pptaglobal.org 



PPTA 

EUROPE 
pt»$m7Prol«in1h«r»peutk* Association 



Booking hotline: +44 (0) 1932 893883 



25* -27* March 2003 
Hilton, Brussels 



Current inactivation/removal technologies 



Dr Rod rig o Gajardo, Grifols 

1982-1987: Studied Biology, Fundamental branch at the University of Barcelona (UB) 

1992: PhD degree in Applied Microbiology and Biotechnology from the UB working on 
Environmental Virology (Hepatitis A virus, Rotavirus, Enterovirus, etc) 

1993 to 1997: different positions as Associated professor in the Microbiology 
Department of the UB teaching Virology and Microbiology and working on Environmental 
virology- 

Postdoctoral stage during 199S at the Laboratory of Molecular Virology and 
Immunology (INRA, Jouy en Josas, France) with Dr. Jean Cohen. 

During 1997-8 held a Research position in the liver Cancer and Molecular Virology 
Laboratory of Hospital Necker Enfants Malades of Paris with Dr. C Brechot 

In Sept 1998 joined Instituto Grifols as Head of the Viral Safety Department. Current 
responsibilities are Virus Validations and development of methods to detect viruses in 
plasma. 
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General perception 

The capacity of existing viral elimination 
methods to inactivate/remove (l/R) non- 
enveloped viruses is limited when 
compared to their effectiveness against 
enveloped viruses. 

Nowadays, we do not have l/R methods 
able to guarantee a level of safety 
comparable to that currently achieved for 
enveloped viruses. 

GRIFOLS 



Basis for the genera! 
perception 

Non-enveloped viruses are more resistant 
than most of the enveloped viruses 

Most of the small non-enveloped viruses are 
smaller than the enveloped viruses, therefore 
less efficiently retained by nanofilters 
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Basis for the genera! 
perception 

The most resistant model viruses (animal 
parvoviruses) are considered as "normal non- 
enveioped viruses"' (validation implies [hat the 
most resistant viruses have to be employed 
even if lacking sanitary relevance) 

Human Parvovirus B19 litres in biocd-'p as- Pe- 
can be extremely high 

PV319 prevalence versus HAV prevalence 
GRIFOLS 



Basis for the general 
perception (I) 

Non-enveioGoei viruses are mo'e resisted 
than most of 'he enveloped viruses 
YES BUT: 
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Factor VIII: FD+HT (80 °C, 72 h) 

BVDV (Model for HCV) 
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Factor VIII: FD+HT (I 

Porcine Parvovirus (Model fc 

^, r. - " «- , 


30 °C, 72 h) 

r Parvovirus B19) 
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AT ill: Pasteurisation step 


Bovine Herpes Virus (Model for Herpes) 
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II: Pasteurisation step 




EMC (Model for HAV) 
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Basis for the general 
perception (II) 

Most of the small non-enveloped viruses are 
smaller than the enveloped viruses, therefore 
less efficiently retained by nanofilters 
YES BUT : 

- Nanofiltration usually applies to filters with pore size 
<: than 100 nm (50, 35, 20, 15 nm) 

- The safety margin achieved largely depends on the 
pore size. 

* 

GRIFOLS 



Basis for the general 
perception (!!) 

The effective size of the viruses for removal purposes is 
influenced by: 

- The presence of antibody-virus complexes 

- Virus aggregates 

• Vu'us-js to f:C;.:: r ogri!u ns survival slrnloay 

• Proteins -•>-' to v:r;ons modifyirtrj tho:: app;Kcr:t sl7u 

The worst cose concisions (individualized virions) may result 
in an underestimate of the true removal capacity for non - 
enveloped viruses which in fact migh: bo comparable to the 
capacity to remove enveloped viruses. 
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Viruses 


by size 
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s by size 


Individua 


ized virions 


VIRUSES <35 nm 


VIRUSES >35 nm 

Caliciviridae (NE) 


Circoviridae (NE) 




Astroviridae (NE) 


Papovaviridae (NE) 
Bimaviridoe (NE) 
Reoviridae (NE) 
Adenoviridae (NE) 
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Iridoviridae (NE) 



Viruses by size 


individual 


ized virions 


VIRUSES <50 nm 


VIRUSES >50 nm 


- 


Papovaviridae (NE) 


Circoviridae (NE) 


Birnaviridae (NE) 




Reoviridae (NiE) 

/I /"J r> n \ / 1 1 'iff 'TO / M f— \ 


Astrovitidac (NE) 


/ \ C/ t i L'V.i llJ(.iU MM I— ^ 


Caliciviridae (NE) 


Iridovindae (NE) 


Papovaviridae (NE) 




GRIFOLS 









perception (II!) 




The most resistant mode's (anin 




parvoviruses) are considered as 


'norma: 


non-enveloped viruses" and the 


PiOSt 


resisted viruses have ic be emp 


> ! oyed 


even if Sacking sanitary relevano 




GRIFOLS 





Factor VII 

- HA 


II: RD+HT 
V. POL, PP : 


■• O '"I 0 ?~* " 




''■-•+-1 ^ 
■~- \ 




' " "-J 

*• ■ 




GRIFOLS 









Basis for the general 
perception (IV) 

Human parvovirus B19 litres in blood can 
be extremely high, up to 10 14 /m! 

Viremias usually are not of this order of 
magnitude 

HBV Up to ID'" 3 HAV Up to 10 e 

HCV Uo to 10"" 7 Other NE "^If* 
viruses j'C^r... 

HIV UptolO'-' " !: " 
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The facts stand in contradiction 
to the general perception 

Very rare documented non-enveloped 
virus disease transmission due to the 
use of plasma derivatives 

Albumin case: 

- Combination of production process and 
an "oio" viral inactive-Jon step 
(Pasteurisation)-* currently the safest 
plasma-derived procjct 
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20% ALBUMIN 

Validated Viral Safety (joQ/mP 

Reduction Factor 
(Average) 

Fraction IV1+IV4 
Precipitation 

Pasteurisation 4. 1 1 -j 7-; 

Overall 7.99 63 

Other steps: cr/oprecipiiate. Fraction i and Fril+fjj 
GRIFOLS 




an tr:s A I burn In safety record bo 
G-;:lor?dcc- to the rest of pT.sms 
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Methods/Current processes 



implicated 



Cold ethanol Fractionation steps 

Precipitation/Purification steps 

Heat treatment procedures 

Filtration through nanofilters of 
adequate pore size 
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fGIV case 
Increasing the Safety Margin 



Reoardinq Non-enveiooea 
Viruses Employing Current 
I n active Uo n/Re mova ! M 8 1 h od s 
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IGiV PEG Precipitation improvement 

Basic development research 
Balance between: 

- IG r ecovay and puniy 

- Influence of Adjuvant addition on virus 
removal 

- PEG concentration ranee for virus removal 
GRIFOLS 
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IGiV Pasteurisation improvement 



New Pasteurisation conditions 

Basic Development Research 
Balance between 

- product recovery 

- stabilisers concentration 

- pH, etc 

- virus inactivation 
GRIFOLS 



iGlV Pasteurisation: EMC 

Close to 6 log 10 in a single step 
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IGIV Pasteurisation 
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IGIV [Nlsnofiltratlon choice 

Basic D^velopmen! Research: Balance 
botvveen safo!y'procluct recovery 

••• rroci C ov>:. ry 
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IGIV Nanofiltration choice 



Planova 35 able to remove viruses >35 
nm, and aggregated and antibody 
coupled smaller viruses 

and Planova 20 as virus limiting filter 
able to retain viruses >20 nm 
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IGIV Nanofiltration choice 

Around 4 log 10 or better in a single step 
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fGIV Other steps 

Other steps not taken into account: Acid 
pH treatment and Solvent/Detergent 
treatment 

pH 4 treatment: process step that 
inactivates mainly enveloped viruses and 
non-enveloped viruses sensitive to ac»d pH 
SD. only effective against enveloped 
viruses 

Cryop-'ecip^iiiOif. '>"-' I, ne^i'a!!sa = ; on 
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Conclusions ! 



Most of the general perception is based 
on the Animal Parvo-Worst-Case. 

Animal parvoviruses resistance 

~ Human PVB19 high litre and prevalence 
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Conclusions II : 

The combination of optimized known 
methods {Purification, Acid pH, 
P asteuris a Hon) vvi t h n o n - ag g re s s i ve 
methods (Nanofiltration) can bo used to 
increase the REAL safety of the 
products beyond the virus validations 
limitations due lo the "worst case 
scenario 
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Conclusions III 

Are we in need for new technologies? 

- Always, less aggressive with the product, 
more effective removing/inactivating 
viruses. 

- But we cannot forget the research on 
conventional methods 
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